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SPECIAL EDITION ORIGINAL 
ASTRONAUT SPACE PEN 


FISHER SPACE PEN CO. 


When astronauts began to explore the reaches of 
outer space, Paul Fisher realized that there was 
no existing pen which could perform in its freezing 
cold, boiling hot vacuum. Countless experiments 
and a common sense approach resulted in the 
invention of the sealed and pressurized ink cartridge 
and in 1967, after 18 months of rigorous testing by 
NASA, the Space Pen was selected for use by the 
astronauts. It is still used today on all manned 
space flights. 


This commemorative replica of the AG-7 Space Pen 
carried on Apollo 11 by Astronauts Neil Armstrong, 
Edwin “Buzz” Aldrin, Jr., and Michael Collins is the 
ultimate in dependability. Precision assembled and 
hand tested, it's the choice of the armed forces, 
outdoor enthusiasts, contractors, journalists, first 
responders, ski patrols, search and rescue teams, 
law enforcement agencies and anyone who 
demands reliability ina writing instrument. All Fisher 
Space Pens perform in temperatures from -30° to 
+250° F, upside down, at any angle, underwater, in 
zero gravity, through grease and three times longer 
than the average pen. 


ITEM 
#AG7-50 


CARTRIDGE 
Pressurized PR4 
Black Ink, 
Medium Point 


COMPOSITION 
Chrome Plated 
brass 


PACKAGING 
Gift box with 
Custom 50th 
Anniversary 
sleeve 










GUARANTEE 

if your Fisher Space Pen® happens to have a 
manufacturing defect, please return it directly 
fo us for repair or replacement. 


GBA Pen Company LTD - UK and European Distributor - 01245 225758 - www.fisherspacepen.co.uk 
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Astronomers 

‘predict that an 
Ionian volcano is due 
to erupt any day now, 
while the Fireworks 
Galaxy continues to 
explode in splendour 


Lost worlds 
of the Solar 
System 

Do new discoveries reveal rogue 
planets that caused chaos in our 
cosmic backyard? 


A space colony needs power, and 
this technological advancement 
could be the answer 


Internet 
on Mars 


There could be colonists on Mars 
by 2025, bul will there be Wi-Fi? 


- * 
Tiffany Francis 
Exploring humanity's 
connection with the night sky 


Hunt for 
Earth's sister 


An ESA mission about to blast 
olf hopes to study exoplanets in 
more detail 


The first-ever off-Earth 
helicopter just hooked up with 
its travelling companion 


Star older than 
the universe 
Astronomers continue to be 
baffled by an ancient stat 


Now in its third year at the gas 
Fiant, we investigate the tech 
that’s making big discoveries 


Cosmic origin 
of life 


Asteroids and comet impacts are 


commonly associated with panic 


and disaster, but what if they 
proved to be a good thing? 


Ask Space 
Our experts answer 
YOUr questions 
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‘l realised how much I enjoyed 


being out on my own at night and 
the peace and solitude of it” 


3 Tiffany Francis, author of Dark Skies: A Journey 
, into the Wild Night 
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| Your complete guide to the night sky 
rE | rT Dark sky sites 
EAR H Be We leave the bright city lights to 
| nat stargaze at the world's darks ast sites 
EYES What's in the sky? 


The nights are getting ever darker, 
with plenty of time to observe 


Month's planets 


The God of War is a prime target 
this autumn 
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Famous places from the Moon's 
sci-fi appearances 


Naked eye & 
binocular targets 
A misty star cluster and an alien 
solar system await 
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ar ath = Tan “Se = ae fees \\P a Gorgeous galaxies for crisp autumn 
a ‘ p emf — nights surround the flying horse 
a > NE i The Northern 
“ e~ , 0 eae Hemisphere 
View a splendour of mght-sky 
objects, including Andromeda 


Astrophotos 

of the month 

The best of our readers’ excellent 
astrophotography 


Our pick of the best books, apps, 
software and accessories for 
astronomy and spacgeians 
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Saturn seen through 
the eyes of Hubble 
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Ve ee est 
considered to be a dry world, 

eg eM ee] | Cole eet 

in the poles of the planet. Due 

to the orbit of NASA's Mars 
Reconnaissance Orbiter (MRO), 
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of the ice and its destabilisation, 
sending material off a 500-metre 
(1,640-foot) cliff edge. This 
kicked up a cloud of dust mixed 
with ice, which was captured on 
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Diving into 1B 
caves will help e 
explore space 


The European Space Agency 
(ESA) has put together a creative 
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A galaxy’s 
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outburst 


SUR er eee een ame 
a teel ten Need ee Be 
astronomer called Pierre 
tenes edge. pies 
NGC 3351 or Messier 95. A 
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in this image of Messier 95, 
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redistribution of energy into 
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Astronauts: present 
visits the past 


Nate le Rem ob te) -ell epee l |e armen 
60 missions to the International Space 
Station, the backup crew paid a visit to 
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Roscosmos and Sultan Al-Neyadi of the 
United Arab Emirates (UAE). Al-Neyadi is 
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Europe's Copernicus Emergency 
Mapping Service, which assists in 
providing flood maps and aiding 
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Mises ieee on lo should erupt 
STA SENN Aa amy AE ei eed is] ae 
Me) clea a0 ti elt tte a eae) 
wide lava lake on the most volcanically 
rat aA Reems CM remem ten 
_ activity over the past few decades. And it's due for 
an outburst very soon, “If this BSE beter Em 
same, Loki should erupt in September 2019, around 
the same time as the EPSC-DPS meeting in Geneva," 
Julie Rathbun, a senior scientist at the Planetary 
ile =e elect com em cre) de gt ee) | 
Pelt ee Ee ec ee eee pete hse ete 
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EPSC-DP5 is a joint conference held by the 
European Planetary Science Congress and the 
Nuit -ld cela tj eee] ate] it (ets) ole al] Cie) ae 
Planetary Sciences. Rathbun presented the new 
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"occurred every 540 Earth days or so in the 1990s. 
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now happening roughly every 475 days. Given all 
these shifts and uncertainties, Rathbun isn't exactly 
betting the farm on a Loki Patera flare-up in the next 
ees 

“Volcanoes are so difficult to predict because 
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supply, the composition of the magma - particularly 
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émall complications that affect smaller volcanoes are 
likely to not affect Loki as much. However, you have 
to be careful because Loki is named after a trickster 
god [of Norse mythology], and the volcano has not 
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NASA targets second half of 2024 


for human Moon 


For six months NASA has been chasing big plans to land 
humans near the south pole of the Moon in 2024. That 
deadline came from vice president Mike Pence in March 
and represented a significant increase in speed from 
the human Moon landing’s previous timeline, targeting 
2028. The project has since been dubbed the Artemis 
program, a nod to the fact that NASA plans to include a 
fermale astronaut in the Moon landing for the first time. 
But despite the pressured schedule, NASA wasn't specific 
about when in 2024 it hopes to accomplish the feat, 

On 12 September the agency offered its first hint 
when Greg Chavers, acting deputy program manager for 
human landing system at NASA's Marshall Space Flight 
Center, spoke during a panel held in Huntsville, Alabama. 
“We all know 2024 is the big date; we don't have a specific 
day that’s codified yet,” Chavers said. "We're targeting 
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For years scientists have argued about the age 

of Saturn's famous rings: are they ancient, 

SECM COM iOS) Mb MBA Op me es ee meee 

the ring system fornr more recently? 

UHM E CERO ieee NEEM hanes alters 

steam in the last few years, with multiple papers 

CoS Gets MORE Mee meee MOOT A Me amen on UO) Bare) mene T aT 

Miceme iene ecmee t @UM- AUTON cma comb em aT Tec ee yan ibrer ATO) n 

»  -tMore than 95 per cent pure water ice - and roe mass, 
ATMA Patera Rem Meet RT MEET bia) b I art) 0 me mes) be 
million billion metric tons shortly PCat probe's epic 
‘grand finale’ at Saturn in 2017. For perspective, 15.4 ; 


million billion metric tons is about 40 per cent the mass 


of the Saturn moon Mimas, which is 400-kilometres 
(250-miles) wide. r 
Given these two figures, and the bombardment 
Tate by micrometeoroids, the pings must be young, the 
Toler M tee WiC Ae) OM CRTs mented mL Ce 
more ‘polluted’ with silicates, organic molecules and 
other compounds. : 
ELM DC Ceee Dem epee ema eee sie ok LB 
interpretation, argues the new study, which was led 
by Aurélien Crida of the Université Cate d'Azur and 
the Institut Universitaire de France. For starters, the 
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sometime in the last half of 2024. That gives us a little 
more time.” 

NASA has plenty of projects it needs to accomplish in 
that time, however. The massive Space Launch System 
rocket planned for use in the mission is not ready to fly, 
the Onon capsule has never flown a crewed mission, the 
agency will need new spacesuits designed for the lunar 
surface and the plan that allows astronauts to land near 
the south pole requires the construction and maintenance 
of a Gateway waystation in orbit of the Moon, 

To accommodate the shortened schedule, Chavers and 
his colleagues have tweaked some of the requirements and 
plans for projects they are running in association with the 
push to return to the Moon. "We're running really fast," 
Chavers said, “It's uncomfortable for many of us, but we're 
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time. Maybe it's unusually high right now - due to a 
DRUG OMe Ue aes sme Nie pm smelt tn Mele ae eC [I 
objects, for example - and the rings were polluted much 
less intensely for most of their history. 
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erand finale, Cassini spotted organics in Saturn's upper 
atmosphere as well as solid grains in the gap between 
Lee ccear enn Cesar Mea ie celine 
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process responsible forethe erosion of the rings and the 
ldunch of these nanograins is actually ‘cleaning’ the 
OPRT =e RCC NI ET LCN Ce DEM b tere occ es Oe taen an ese 
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was published in the journal Nature Astronom If that's 


the case, the rings would appear to be much younger : 
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According to a study published 6 August in the 

journal Astronomy & Astrophysics, it seems a young star is 
running away from a hunery black hole. The star, named 
PG 1610+062, was first observed hurtling across the sky in 

a 1986 star survey. Astronomers working at the W. M. Keck 
Observatory atop Hawaii's Mauna Kea took the closest-ever 
look at the runaway. They confirmed it is one of the fastest 
stars ever seen shooting out of the Milky Way's galactic disc, 

The team calculated the star's velocity to be about 2 million 
kilometres (1.2 million miles) per hour, which isn't quite 
enough to escape the bonds of the galaxy’'s gravity, but fast 
enough for it to be able to leave the star's home solar system 
In the cosmic dust. 

There are a few different processes that explain how a 
star can get booted out of its home system, and they usually 
involve binary partnerships - two stars orbiting around a 
common centre of mass. If one member of the pair was to 


aaa berunning- 
Tou} Url cote re 400) - ce 


theoretically disappear - by exploding in a supemova or getting 


swallowed up by a black hole - the remaining star might get 
such a sudden, energetic hick that tt would slingshot straight 
out of its home system, or even out of its home galaxy entirely. 
The case of PG 1610+062 may be a bit unusual though, the 
researchers wrote. Judging by the star's mass, velocity and 
likely origin - the team traced tt to the Sagittarius spiral arm 
of the galaxy - it seems unlikely that the star ever came close 
enough to the supermassive black hole at the centre of our 


galaxy to see its partner star gobbled up. The star's semi-speedy 


movement seems to suggest that it had a run-in with a muid- 
mass black hole, according to NASA, 

Scientists have never found convincing evidence that mid- 
mass black holes exist in our galaxy. This stellar runaway 
still isn't hard proof of their existence, but it does strengthen 
the case that mid-mass black holes could be out there, the 
researchers wrote, 


Astronomers get the goods on 
Jupiter-smacking Space rock wos ty sive wat 


Something slammed into the king of planets on 7 August, 
generating a flash that was spotted by Texas-based 
amateur astronomer Ethan Chappel. Now, six weeks later, 
astronomers have put together a sketch of the assailant. 
The impactor was likely 12 to 16 metres (39 to 52 feet) 
wide, with a mass of around 408 metric tons (450 tons), 
according to analyses conducted by Ramanakumar 
Sankar and Csaba Palotai of the Florida 
Institute of Technology. 
The object's density was therefore 
similar to that of stony-iron 2 
meteorites, suggesting the 
impactor was an asteroid 
rather than a comet. The 
asteroid broke apart about 
50 miles (80 kilometres) 
above Jupiter's cloud 
tops, unleashing the 
energetic equivalent 
of 240 kilotons of TNT, 
Sankar and Palotai found. 
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That's about half as energetic as the February 2013 airburst 
over the Russian city of Chelyabinsk, which was caused by 
a 20-metre (65-foot) wide meteor. 


Ricardo Hueso, a researcher at the University of 


the Basque Country, also analysed the impact data and 
came to similar conclusions about the asteroid's size and 
mass. The August event was likely the second brightest 


of the six Jupiter impacts observed since 2010, 
Hueso sail. 
“Most of these objects hit Jupiter 
without being spotted by observers 
on Earth,” Hueso said in a 
statement. “However, we 
now estimate 20 to 60 
similar objects impact with 
Jupiter each year. Because 
of Jupiter's large size and 
etavitational field, this 
impact rate is 10,000-times 
larger than the impact rate of 
similar objects on Earth." 
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Lost worlds of the Solar System 





The early Solar System was a 
chaotic place of collisions 





Research Institute in Boulder, Colorado. “A good 
example is Einstein, who thought that the universe 
should be static. It is a good starting point to adopt 
this unchanging view, but things often turn more 
complicated than it seems. The more planetary 
scientists dig into the past of the Solar System, the 
more complicated the picture that emerges.” 

This revolution in the understanding of our 
Solar System's dynamic history began in the early 
2000s through the work of a group of astronomers 
centred on the Observatory of the Cote d'Azur neal 
Nice, France. Inspired by the recent discovery of 
fas plant exoplanets orbiting very close to distant 
stars in orbits where, according to established 
models, no such planets could ever have formed, 
they began to investigate the possibility that planets 
in our Solar System could have migrated through 
their history to reach their present, relatively stable 
orbits. Alongside this they embraced the concept 
of mathematical chaos - the idea that the complex 
Pravitational relationships between the Sun and 
major planets are so intricate that on billion-yeat 
timescales many orbits that appear stable are 
actually prone to unpreclictable, dramatic changes. 


In 2005 the Cote d'Azur researchers published 
a trio of papers outlining what is now known as 
the ‘Nice model - a new history of Solar System 
evolution in which the four outer giant planets 
formed considerably closer to the Sun than 
their present positions, then migrating outward 
through a series of interactions with each 
other and the countless small, icy comets that 
filled the region of their present-day orbits. For 
Satum, Uranus and Neptune, encounters with 
comets worked a little like the pravitational 
slingshot manoeuvres used by artificial space 
probes - each one involved an exchange of orbital 
speed and energy that pushed the planet further 
out while dropping the comet a little further 
towards the Sun. 

The Nice model solves some important questions 
about the formation of the planets. For instance, it 
does away with the need to spread a dense cloud of 
planet-forming ice and gas as far out as Neptune's 
with Jupiter's powerful gravity finally ‘cleared out’ 
comets from its neighbourhood, flinging them into 
long orbits that stretch up to a light year from the 
Sun where they mostly remain today in the huge 


“The more we dig into the past of the Solar 
System, the more complicated the picture 
that Clee ges" David Nesvorny 
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spherical shell known as the Oort Cloud. Along 
the way it makes some curious predictions, such 
as Uranus and Neptune briefly developing wild 
chaotic orbits that ultimately caused them to switch 
places in the Solar System - under the influence of 
a pravitational tag-team during a boel phase when 
Saturn's orbit was precisely twice that of Jupiter. 
Inspired by the many successes of the Nice 
model, many other astronomers have since 
considered whether migrating worlds could hold 
the solution to other planetary mysteries. In 2011 
some of the original Cote d'Azur team produced 
a modified theory, known as the Grand Tack, in 
which Jupiter migrates first inwards, losing energy 
as it ploughs through gas left over from the Sun's 
lonmation before migrating outwards through 
interactions with comets. The Grand Tack, it's 
claimed, allows Jupiter's pravity to limit the growth 








Making of our cosmic backyard 
The formation of the Solar System would have produced 
many more large objects than the eight major planets and 


handful of dwarfs we know today 
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Solid dust grains in the rotating protoplanetary nebula 
began to collide and stick together. As they grew in size, 
pCR ees Ue ete ORE epee eB) 
in more material. They rapidly snowballed into Moon-sized 
planetary embryos, or ‘planetesimals’. 
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of Mars, which according to many simulations 
should have grown into another Earth-sized rocky 
world. [t may also explain the lack of atmospheres 
around J oT giant moons, stripped away when 
they got too close to the Sun. However, the idea 
remains far from proven. 

Even more intriguing are the theories that 
c SOnyLre up entire ancient planets in order to explain 
Solar System puzzles. David Nesvorny was one of 
the first to propose such a missing world when in 

201] he published a Paper on the so-called ‘five- 

planet Nice moder. “My initial motivation was to 
confirm some previous studies of the Nice model 
that suggested Neptune's migration is not the whole 
story, explains Nesvorny. “The largest planet in 
the Solar System, Jupiter, has a slightly elongated 
orbit, and that's not something one expects from 
migration. The stucies sugeested that Jupiter 
had a gravitational encounter with Uranus or 
Neptune, and that's why its orbit became elongated." 
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However, when Nesyorny used mathematica 
models to run multiple simulations of how such an 
could have occurred, he soon hit a problem, 
‘| realised that Uranus and Neptune are often, in 
fact, way too often, ejected from the Solar System 
if an encounter happens. [ thought that maybe, just 
maybe, the planet responsible for the elongated 
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Neptune, but a third 
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orbit of Jupiter is not Uranus o1 
ice fiant that was sent away. 
After running thousands of simulations with 


slightly different starting conditions, Nesvorny 
found that systems beginning with five giant 
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outer worlds than those that attempted to manage 
with four pl aAnets throughout. 

Despite this, there are considerable questions 
about the nature and timing of events ina 
five-planet system In order to produce all the 
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Lost worlds of the Solar System 


characteristics of the Solar 
System we have today, 

any proposed model has 

to perform a balancing act: 
the inner Solar System has 
lo remain just right for the 
formation of its own rocky planets: 
the icy worlds of the Kuper Belt 
must somehow be ejected into the 
present distinctive orbits, a flattened inner ring 
surrounded by a ‘scattered disc of objects on more 
highly tilted and elongated paths; and the smaller 
comets must be ejected into relatively stable orbits 
in the Gort Cloud. Most astronomers also hope that 
planetary migrations can explain the Late Heavy 
Bombardment, a cataclysouc downpour of asteroids 
recorded across the inner Solar System about 

3.9 billion years ago, half a billion years after the 
formation of the planets. 

Fitting all these jigsaw pieces together 15 a 
challenge, but scientists like David Nesvorny 
continue to find intriguing hints that they're on 
the right track. In 2015, for example, he realised 
that a close encounter between the lost giant 
planet and Neptune could help explain another 
feature of the Kuiper Belt. “The planet had ¢ 
eravitational encounter with Neptune, like a 
spaceship that swings by a planet to change tts 
trajectory. During that encounter Neptune's orbit 
must have somewhat changed as well, and that 
little change could have been imprinted into the 
orbital structure of the Kuiper Belt. There 1s an 
Interesting concentration of bodies near 45 AU [45- 
times the distance from Earth to the Sun] known 
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as the ‘kernel’. [ suggested thal 
the kernel could be explained 
if Neptune's orbit changed 
as a result of an encounter, 
and I performed computer 
simulations to document it.” 
One question raised is just 
what became of Nesvorny’s fifth 
nlanet after its ejection from the outer 
Solar System. One possibility that instantly 
springs to mind is the intriguing Planet Nine - a 
hypothetical world first proposed in 2016 by 
astronomers Konstantin Batygin and Michael E 
Brown based on their study of the orbits of far- 
flung worlds in the Kuiper Belt. Brown himself 
has Suggested that the proposed planet, with a 
sugcested mass several times that of Earth and a 
long. elliptical orbit varying between 400- and 800- 
times further from the Sun than Earth, could be 
one and the sarne as the missing fifth giant. 
Nesvorny, however, is not so sure: “T believe il 
must have been ejected completely and has no 
relation to Planet Nine. This is because it is difficult 
to stabilise a Neptune-class planet [15- to 20-times 
the mass of Earth] when it swings by Jupiter. Flanet 
Nine, if real, is most likely a smaller planet, say five 
Earth masses. There may have been more smaller 
planets such as this in the early outer Solar System, 
and one may have been lucky enough to survive. 
According to recent research, however, at least 
one of these early rogue planets met with a far 
Tnore spectacular end than meré exile. Professor 
Shangie: Liu of Sun Yat-sen University in Zhuhai, 
China, has recently published mocels that pont to 
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‘Trealised that Uranus and Neptune are 
often ejected from the Solar System if an 


encounter happens’ 


a cataclysmic collision between a large ‘planetary 
embryo and the newborn planet Jupiter early in the 
history of the Solar System, 

The evidence for Liu’s theory comes from new 
discoveries about the giant planet's deep interior 
NASA's Juno spacecraft, which has been in a 
looping elliptical orbit over Jupiter's poles fora 
little over three years, has given astronomers a 
unique insight into the planet's internal structure, 
suppesting that the core region, rather than being 
a solid ball of rock and metal hidden beneath vast 
amounts of lightweieht hydrogen anc helium gas, is 
in fact diffuse, or fuzzy, with tens of Earth masses’ 
Worth of heavier elements spread across about hall 
of Jupiter's radius 

Jupiter's strange internal structure presents a 
challenge to the most likely theory of how the 
giant planets formed, as Professor Liu explains: "In 
the standard picture of gas giant formation, Jupiter 
began as a rocky and/or icy planetary embryo and 
later gathered its massive hydrogen and helium gas 
envelope [rom the solar nebula.” 

The result should be a concentrated mass, 
perhaps up to twice the diameter of Earth, 


surrounded by layers of low-density liquid and 
gaseous hydrogen and helium - very different 
from the structure recently revealed by Juno. 
"When I first saw the results of such a large, diluted 
core of Jupiter, | realised that something unusual 
must have happened to Jupiter in the past," 
continues Liu, 

In order to explain the unusual data, Liu and his 
international colleagues looked more closely at the 
environment in which the young Jupiter would 
have formed, They found the rapidiy forming giant 
planet would have played havoc with the orbits 
of nearby planetary embryos or ‘planetesimals’ 
forming in the early Solar System. The team found 
a 40 per cent chance that Jupiter would suffer a 
collision from such a body in the first few million 
years of its life. A similar collision involving Earth 
itself is famously the best current explanation for 
the formation of our planet's giant Moon, while 
another is widely assumed to have knocked Uranus 
extreme Seasons. 

In this case, however, disrupting the interior of 
Jupiter would require a very special collision. The 
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approaching ‘impactor object would have to be very 
large, about ten-times the mass of the Earth, and it 
would have to strike Jupiter head-on. Fortunately 
for the theory, that's not as unlikely as it sounds. 
“Because Jupiter's gravitational focusing effects are 
very strong, head-on collisions [occur] more often 
than grazing ones, explains Liu 

trillion probability,” recalls Professor Andrea Isella of 
Rice University, Texas, a co-author of the research 
“But Shanefei convinced me, by sheer calculation, 
that this was not so improbable, Because it’s 

dense and it comes in with a lot of energy, the 
impactor would be like a bullet that goes through 
the atmosphere and hits the core head-on. Before 
impact you have a very dense core, surrounded by 
atmosphere. The head-on impact spreads things out, 
diluting the core.” 

Importantly, the computer models suggest that 
once an impact takes place, the effects can be long 
lasting: “It could still take many, many billions 
of years for the heavy material to settle back 
down into a dense core under the circumstances 
suggested by the paper” points out [sella. 

Across the Solar System, il seems, astronomers 
are finding more and more traces of our Solar 
System's eventful past and intriguing lost worlds. It 
remains to be seen whether the searches currently 
underway for the hypothetical Planet Nime will 
bring one of these worlds back into the light. 
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A space colony needs power, and 
Kilopower reactors could be the answer to 
these interplanetary problems 
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mbitions to colonise the Moon and 

Mars require something that can be 

taken for granted by many on Earth. 
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smartphones, televisions, stereos and computers. 
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National Nuclear Security Administration (NNSA) 
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system that can safely and stably generate a 
suitable amount of power on long-duration crewed 
missions to the Moon or beyond. 
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National Laboratory in New Mexico have been 
Pelee Mgr ee melee le)e (nM MLC iee nie am een 
source that can surpass the classic radioisotope 
taupe] ag ee cig eee eden ee gl mg | 
from the splitting of plutonium-238 into electricity. 
The RTG that powers the Curiosity rover only creates 
TIO watts of electric power, and will decrease a few 
Beer mem oe eee cet cm Wap maslelules(e me elem ele 
example, is that crews are going to need much more 
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engines, This test was known as the Kilopower 
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ape emtc ge ee eee eels me gle Mele cles ec ele 
roughly 15 years. 

tree ee merece a el ee tee Ruma 
Cam ee Meas eee eee eee 
character - underwent intense examination which 
included different phases: being conducted without 
we COM eee M st ee CEO ci ee el 
increased power to heat the core and a 28-hour 
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start-up, full-powereperation and shutdown safely 
and effectively. . 

These tests proved iy, aly successful, and 
ETC PIN el(e tM asc Mace) e cig male eg 
disaster - which may be fresh in some Peoples’ 
Tce ms Ome ce ig acca 
Tae RA) eel mo Re ale 
Ce tee am me ee eg clade ead 
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least remaining stable and safe? 

The ultimate goal is to place four scaled-up 
Kilopower reactors on either the Moon or Mars that 
can safely generate the power required to sustain 
the long-duration stay of a crewed mission. Each 
reactor stands at just 3.4-metres (11-feet) tall, but 
pts |t=me |e CcR semm eM a] (er Lame ec 
weighing 2,000 kilograms (4,400 pounds). This 
fore Wnt ree ee NR OBL ale Lge Le 
of the reactors, but only some. In terms of what 
could be gained, this would be a hurdle scientists 
at Los Alamos will look to overcome. Until then the 
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next series of space experiments. 
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.. There could be colonists on the Red 
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was life on Mars. In 2019 that kind 
of wide-eyed sentiment is a little 
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stated that his SpaceX vessels could aching 
Mars-bound passengers “in 2024 with the 
arrival in 2025". But without the ability to 
share a spacefaring selfie on Instagram, will 
anyone even bother going? Fortunately for 
PB eat elma tye ee) mara Lat Med pT 
_ prospect of a Martian internet provider is on. 
the horizon. | 
“Honestly, Ithink interplanetary - 
internet is going to be much simpler than 
Earth-based internet,” says Robin Marx. “At 
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It may sound doubtful for an internet 
conriection that'll have to stretch 401 million 
kilometres (249 million miles), but a broadband 
pil acme ye may be more straightforward than 
the myriad of online networks here on Earth. 


But is it plausible? In a way it's already begun. 
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Internet on Mars 


How we'll build internet on Mars 
From satellite swarms to space statutes, here are 
all the ingredients for a Martian internet 
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STORE NS VR 
Corresponding to Earth's it 
programme, a network 


of satellites around Mars 
could act as the receiving 


end of any laser-driven 
internet communication | 
to the Red Planet. . 

| 

5 
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Existing plans like SpaceX’s Starlink program could 
provide the foundations for an orbital collection point 


which could source internet data from across the planet 
and prime it for space travel. 





To begin an intermediary 
satellite network, a smaller 
satellite could be placed 
between the Earth and 

the Moon to test the 
concept's viability. 


1 
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“The first step is going to be something like 
Starlink,” Marx says. “By the time we will have the 
first preparatory ee lon Mars], we will have to 
have planted satellites around the Earth.” Starlink, 
for everyone beginning to lose track of Elon Musk's 
endless endeavours, is SpaceX’s plan to put 11,943 
intercorinected satellites around the Earth to beam 
high-speed intemel to anywhere across the planet 
It's a plan 50 astronomically ambitious it can only 
be described as Muskesque. But Starlink’s grand 
potential doesnt just encompass Earth-based 
internet given the right direction the sateilite 
network could just as easily send its high-speed 
internet out into the stars. 

But just as a science teacher can't Duild a tin-can 
telephone with only one can, humanity cant create 










As space fills up, new rules will be 
needed to regulate the traffic of 
_ Satellites to avoid collision. 


interplanetary internet with just one Starlink, To 
make a connection with the Red Planet, we'll have 
to send satellites there, too. "The next thing is going 
to be a similar but much smaller satellite shield 
around Mars,” Marx says, 

While this prospect of a Martian satellite 
network might seem futuristic, the origins of the 
idea can actually be traced back to 2004 when 
NASA engineers were hard at work prepping the 
Mars Telecommunications Orbiter, a $500 million 
telecommunications relay satellite that would have 
used high-speed laser beams to relay data from 
Lhe Mars rovers to Earth each day. Unfortunately 
the project was cancelled in 2005 so its funds 
could help reservice the Hubble Space Telescope, 
but with the nght investment from either NASA or 





Internet on Mars 





A network of satellites around Mars could receive 
laser-driven internet communications from Earth 





Once validated, a series of smaller 
satellites could be placed between 
Earth and Mars to relay the 

. internet throughout the planets’ 
solar trajectories. 
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Finally, the internet 
connection will need to 

_ be tested, hopefully by 
a Colonist being able to 
stream Matt Damon's The 

Martian without buffering. 





Internet on Mars 


Why are we doing it? 


Beaming the internet to.Mars could cost S| 


billions of dollars. Is it worth it? 
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Separating communication pathways 
only increases the risk of collisions 

in space. A common network could 
enable organisations to work together 


— to avoid such disasters. 


Upping the scale 

Putting someone on Mars may 
be a giant leap for humankind, 
but there will always be more 
leaps to take. A strong internet 
connection would undoubtedly 
facilitate future space exploration 
from the Red Planet. 


Better colonies 


Mars may be a wonder, but at some point 
every colonist will want to watch the latest 


news or hit TV series from Earth. A better 
internet connection could make for a better 
informed and content colony. 
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and content Mars colony 


x, this deactivated data dream 
could become a reality. 

"Then we can start attaching that to the Earth 
satellites,” Marx continues. “We're going to have 
to introduce intermediate satellites between the 
planets that can store and forward data.” Here's 


companies like 5 


where things get tricky, because while it can be 
hard enough to get an internet connection betwee 
San Francisco and Siberia, at least the distance 
between the locations remains the same. But the 
distance from Earth to Mars varies depending on 
where each planet is in its own elliptical orbit. When 
the two are at their closest points they're around 
54.6 million kilometres (33.9 million miles) apart, 
Dut at their farthest there's a 401-million-kKilometre 
(249-million-mile) gap between them. Engineering 
enough satellites to straddle these varying distances 
and still communicate effectively is one of the most 
daunting challenges interplanetary internet poses. 
But far from becoming deterred, one Texas-based 
startup is already on the job. 

Founded in 2018, Hypergiant Galactic Systems 
aims to use artificial intelligence and satellites to 


A common resource 


Several organisations are launching satellites into space, 
but without a shared resource for information and 
communication. An internet connection between Earth 
and Mars could provide this shared resource and help 
facilitate inter-agency cooperations. 






Increased bandwidth 
By increasing the internet's 
bandwidth, a Mars-to-Earth 
online connection could help 
inspire the next generation 
of spacefarers by enabling 
the transfer of high-quality 
images of our Solar System's 
planets and stars. 


create the exact kind of telay network needed to 
bounce internet signals between Earth and Mars. Its 
founders are already planning to launch their first 
satellite late next year, straight into the Lagrange 
point between the Earth and the Moon, where 


pravitational forces are ideally balanced to park an 


object. Tests will later confirm whether it can send 
and receive large amounts of data, and if all goes 
well a second launch is planned for mid-2021 before 
further launches on an ongoing basis. 

Communicating in harmony with Earth- and 
Mars-orbiting satellites, Hypergiant’s space-age 
telephone poles could help bring the sci-fi idea of 
Martian intermert into reality. But before anyone 
starts getting excited at the thought of live-tweeting 
from Mars, it's important to remember that physics 
still has its limitations. 

"Satellite lasers operate at the speed of light,” 
Marx explains, “but even here on Earth the speed 
of light is just too slow to clo instantaneous stuff 
Travelling at a whopping 299,792 kilometres 
(186,282 miles) per second, a speed-oflight internet 
connection on Earth could harcly be called slow, 
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A diagram of the Lagrange points associated with 
the Sun-Earth system 


But if on an extended trip to Mars, the Wi-Fi signal 
might be a little late for any colonist trying to chat 
over Whatsapp. Yet against the laws of physics, 
there's not a lot engineers can do. "Remember 

that internet communications have two different 
parameters: latency and bandwidth,” Marx explains 
“The bandwadth is manageable by adding more 
satellites, but latency is never going to be - it will 
always be dependent on the time of year and where 
the planets are.” 

And the speed of light isn't the only law 
interplanetary internet could come up against, 
Thanks to a recent close call between satellites 
owned by the European Space Agency (ESA) 
and SpaceX, the laws governing space are being 
questioned more than ever before. The incident, in 
which one of the ESA's observation satellites had 
to use its thrusters to avert a potential collision 
with a Starlink internet satellite, has since sparked 
efforts to uperade the rules of space to better 
povern a slightly fuller Solar System. And a5 ary 
high-speed Martian intemet service will require 
Heets ol satellites between Earth ancl the Red 
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humanity could colonise 
Mars a5 early as 2025 


A diagram of Mars’ and Earth's separate elliptical 
orbits around the Sun 


“Honestly, I think interplanetary 
internet is going to be much simpler than 
Karth-based internet’ 


Robin Marx 


Planet, it’s looking less likely that any more devices 
will be jumping into space before they're properly 
approved to be there. For all the technical and 
scientific challenges interplanetary internet poses, 
bureaucracy might be its greatest obstacle 


Of course, it shouldn't come as a surprise that 


many impediments. But considering the thousands 
of satellites that will need to be launched, the 
Tegulations that will have to be created and 

the light-speed limitations that will impede its 
function, the prospect of Martian internet seems 

so formidable one might understandably wonder if 
it’s even worth the effort. After all, space agencies 


have been able to send people to the Moon since 


wasn't a cost-effective means of studying its surface. 


So aside from enabling Martian selfies, why is 
Interplanetary internet worth attempting? 

Well sending people to visit and colonise Mars 
without the internet may be a bit like putting the 
cart before the horse, because while the internet is 
KNOW! a5 a source of frivolous entertainment, its 
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Internet on Mars 


‘If wee really serious about building an 
interplanetary civilisation, we're going to 
need ways to communicate” 


practical capabilities for communication could 

be crucial for the spacethghts of the future. As 

the ESA-SpaceX satellite incident perfectly 
demonstrates, a little communication can go a long 
way to averting disaster. And if such organisations 
continue to pepper their spacecraft around the 
Earth without consulting one another, it'll only be 
a matter of time before these near misses become 
costly collisions. 

Writing prophetically on the reasons to create 
interplanetary internet in a 2018 paper published 
In Aerospace and Electronic Systems, a team of 
researchers cite this exact rationale, stating that 
“both manned and unmanned missions would 
benefit from sharing resources, as 1s done currently 
on the internet, rather than multiplying parallel 
incompatible networks’. 

Acknowledging the inspirational aspects of space 
travel, the authors from the Hong Kong University 
of Science and Technology and University of 
Helsinia also claim that by increasing the current 
internet's bandwidth, a Mars-to-Earth enline 
connection could help transmit high-quality 
images of our Solar System's planets and stars, 
which could help inspire the next generation 
of spacefarers, And as the initial exploration of 


An artist's illustration of 
NASA's cancelled Mars 
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Mars turns into further space colonisation, the 
researchers note that this will “require increasing 
communication resources. Therefore, it makes 
more sense to progressively scale up the [internet] 
network than deploying all the resources for future 
Missions at once.” 

‘Tf we're really serious about building an 
interplanetary civilisation, wee going to need ways 
to communicate between the planets outside of the 
official NASA or ESA communication channels, 
Marx agrees. “Just like on Earth, wed want the 
internet to be a commodity for everyone 

50, Tonically, interplanetary internet wouldn't 
be that revolutionary at all Just like the terrestrial 
internet we know today, it could enable multiple 
orpanisations to create, communicate and 
collaborate with each other on a host of projects. 
The only difference bere that, unlike Earth's 
internet, the online world of outer space would exist 
initially for just one goal: to facilitate the new age of 
space exploration - to settle humanity in the stars. 
And no matter the cost, the number of satellites 
needed or the sheer level of technical shall required, 
it's incisputable that any tool that could help 
achieve that species-defining goal should at least 
be attempted, 





Aview of SpaceX’s first 
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configuration, taken in 
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Plus, once in the hands of creative colonists 
with the radical perspective only a fresh world 
Can give, there's no telling what new online 
wonders Martian internet could birth. Spacebook? 
Sputnify? Delivermoon? Or countless streams ol 
Martian memes, videos and original creations? 
When looking to the internet's future, perhaps we 
shouldn't be listening to the Silicon Valley CEQs 
who will build tt, but the creatrves who will fill tt. 

“‘T don't think we've even seen the tip of the 
iceberg.” David Bowie famously said during a 
characteristically prescient interview in 1999, ‘T 
think the potential of what the internet is going to 
do to sodety, both good and bad, 1s unimaginable. 
We're actually on the cusp of something 
exhilarating and terrifying.” In many ways, 
nothing's changed. Will there be Wi-Fi on Mars? 
Only if we dare, 





WHITE OWL oleae 


GET sh Oi az. c Sword Books 


ahh 
1 


Na 








WAS: £25.00 _ . ee a OY 


NOW: £18.75. NOW: £172. 75 


ISBN: 9781526748560 ISBN: 9781526737038 


TO ORDER CALL AND 
QUOTE CODE 
paVAtoys ke: 
TO RECEIVE YOUR 
25% DISCOUNT: 
aie ae 01226 734222 
WAS: £25.00» was: £16.99. * + QRORDERONLINE 


ARBOOK OF 





ia i 





a T Lia = 


| rasa 13 










im OW: £18.75 NOW: £12.75 RAW ALL TehU A oLele) es oeL 


~-ISBN: 9781526715531 vase 9781526717412 


-R UMAR RM UIT RT UCM MRT REMC LLM EM COTULLA 
.. technology behind Apollo 1] with entertainment, excitement and humour in equal measure. 


% VEARBOOK OF ASTRONOMY 2018/18 - Recognised by both amateurs ond professionals alike as on 
_ indispensable guide to the night sky, the Yearbook of Astronomy is one of the only reference books 
eC CATE CA iB Le 


Me CU ee es eee OMe UE MIM cme PMT UME em MCC 
tg | phate eal science, this is above all, a book to celebrate the beauty and fascination of spoce. 





Interview Tiffany Francis 


Tiffany Francis 

A nature writer from South 
Downs, Hampshire, UK, 
her new book Dark Skies: A 
Journey into the Wild Night 
describes a year-long story 
of her travels around the 
United Kingdom and Europe 
exploring the nighttime 
landscapes and what 
influence they have, both 
now and in the past. 

From seeing the polar 
nights and northern lights 
in Norway to celebrating an 
ancient Celtic astronomical 
festival at South Downs, 
these experiences have 
shaped people for thousands 
of years, and Tiffany has 
delved into the culture 

| of astronomy. 
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All About Space speaks to Tiffany Francis about her adventures all over 
the United Kingdom and Europe in a pursuit to understand astronomy’s 
profound influence over millennia and how were losing touch with it 


Did you write the book because you believe 
that people have lost the connection with the 
night sky? 
[didn't actually. That 1s something that | discovered 
as | went. But actually the main reason | decided 
to write it 1s because one evening in the summer, ! 
looked out and realised that it was a really beautiful 
evening outside, and | just decided | didn't really 
want to be in. 
| decided to go out for a night walk, and | had 
this lovely experience just out on my own on our 
local hilltop, and it kind of spurred on a new hobby 
in me, | realised how much | enjoyed being out on 
my own at night and the peace and solitude of it. 
That was how I started spending more time 
out at night. and then the book came from that 
because | just naturally became really fascinated 
with it. Why aren't we drawn to the night? But 
at the same time we feel that the night time is 
something not to be explored, ina way wee 
encouraged to stay inside. It was this interesting 
dichotomy that 1] was interested to explore. 


Your travels took you to Tromse in Norway. 
What was it like to spend an entire week in the 
darkness during the polar night? 


Dark Skies: A Journey into 
the Wild Night 
Tiffany Francis’ 
latest book 

reflects on the 
importance of dark 
skies by travelling 
around the 
United Kingdom 
and Europe and 
learning about 
humanity's 
connection 

with nocturnal 
landscapes. 








It was strange, I'm not going to lie. It was fascinating 
and | kind of loved it, in a way. But I was quite 
happy to see sunlight when [ got home. It was really 
interesting because the main reason | went there, it 
Wasn't actually to see the northern lights, it was to 
see the polar night and talk to people about what 
it's like to live in darkness all the time, because 
obviously in the United Kingdom people suffer 
from seasonal affective disorder, but actually we 
still have a good, long session of daylight every 
day, even In midwinter. To go from that to literally 
nothing at all, 1 was just fascinated by it and it was 
very confusing, 

] was on this research trip and | wasn't going to 
set an alarm, I was just going to go with the flow 
of each day, so | woke up at random times, because 
there was no light to wake me. Some mornings | 
would wake up really early and some I would wake 
up just before lunch and think, ‘Oh. [ really need to 
ao out and do stuff’ 

It was quite confusing. and after a while I did 
become a little disoriented, but I still enjoyed it. 
The really fascinating thing was in these sort of 
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Scandinavian countries where they have to deal 
with this kind of difference in light and darkness, 
they seem to embrace it, It was very cosy and they 
embraced the cosiness of it all. Lots of fairy lights 
and cake and coffee and all these very typical 
Scandinavian things, but it really works because 
you didn't mind that it was dark all the time. 


Does that mean at different times of the year 
they experience light all the time? 

Yes, so in the chapter where | go to Helsinki, 
Finland, | basically do the opposite - 1 went to 

see the ‘midnight Sun’, That is literally just the flip 
side, so then it was light all the time, except from 
about 01:00 to 03:00, it was like dawn. That was 
the darkest it got, and then it was light again. 

It was really interesting, so I wanted to go to both 
countries to kind of just look at this crazy contrast 
of how much light and darkness they're exposed to 
and how they cope with it and embrace it. And it 
was really fascinating. I think Finland was even more 
disorienting than Norway, because in the dark you're 
just a litle bit sleepy and wandering around, but in 
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Finland it was just so light, I felt so energetic all the 
time. But at the back of my mind I was like, I should 
really be asleep! It was lovely. I loved it. 


Do you think that the northern lights have had 
a more profound effect on civilisations than 
originally thought? 

Yeah, I think so, because they are one of these 
amazing things people obviously had no scientific 


way of explaining for thousands of years until modern 


science cast a light on it. 

You can just imagine all these amazing 
ideas, stories and myths that came out of these 
crazy lights in the sky and, you know, especially 
people who may be visiting an area and had 
never seen them before. They probably thought 
it was witchcraft or something. I love to think 
about that and imagine what kind of reason 
people thought these lights were there, whethe1 
it was a sign from God or whether they were just 
very connected with nature and just saw it as a 
calmness, this beautiful thing. 
Based on your visit, why is it that the Royal 
Greenwich Observatory is so important to 
the world of astronomy, and in particular 
British astronomy? 
It goes back to the time when Britain had been one 
of these many countries that were at the forefront 
ol ‘modern science. | guess youd call it. This 
enlightened modern science. In Britain we also 
tend to have these fancy buildings that are like 
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these big, symbolic gestures. | think the observatory 
is a very beautitul buildine in this beautiful park. 
It's high up so everyone can see it. If you were a 
ship coming into the dock, you could see the little 
orange time ball on the top. It's just one of these 
buildings I think is symbolically very powerful, a5 

well as the important actual science that happened 
inside It. 

The building marks this shift in our knowledge 
and how suddenly we started snowballing with our 
knowledge about what we discovered about the 
stars in the sky. obviously with navigation and how 
important that is. | mean, it's a hugely important 
part of British history, and that has so much to 
do with astronomy. I think it’s just as important 
symbolically as it is practically of what science has 
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discovered and how it was a very important part of 
British identity. 


The development of navigation is an important 
point, Do you think tt goes under the radar? 
Absolutely! l think people forget about that, 
especially these days. | mean, | am rubbish at 
orientation and | couldn't guide my way by the 
stars. | use Google for everything... I'm a typical 
millennial. But we forget that everything we learned 
about mapping the world and everything all relied 
on astronomy and stars. That's quite sad, thinking 
how many skills we've lost there, 

It's not completely disappeared - plenty of 
people can still navigate by the stars. It's obviously 
something that's been superseded by technology, 
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which is very useful, and it’s great hal everyone 
Can Use a navigation app on their phones. But 
it would be nice if we could rely more on our 
instinctive basic knowledge than just our phones. 


At the Royal Greenwich Observatory you talk 
about thinking about going into space and 
holding a meteorite that is as old as the Sun. Do 
these experiences bring an affinity to space, or 
is it harder to gain an affinity when you think 
about the vast timescales and enormous sizes? 
sometimes | feel like we almost know everything 
and think you can kind of catch all that noise, but 
actually, when you start looking into it, the vastness 
of space can actually be very overwhelming and 
make us feel completely insignificant. I don't 
actually find that a bad thing. [t sounds like [m 
being a bit cynical, but I like the idea that no 
matter how big and important we thini our 
species is and how much we think our problems 
are really big and all this, when you think about 
Space and the unrverse, it just puts everything in 
perspective, which I neally like. This is because it 
makes us realise that we are all just one part of a 
very, very, very huge universe. | quite lke that; | 
find it Very Teassurine. 


How damaging is light pollution, and what do 
you think people who live in populated urban 
areas are missing out on? 

Because [live in the South Downs 

(UK), where | live 1s actually 
an International Dark Sky 
Reserve, so I'm really lucky 
because it's just really ereat 
stargazing. | can sit In my 
garden and just watch 

the stars with the naked 
eye, So lm very grateful 

for where | live. 

l lived in London 
for a few months and 
obviously saw the 
comparison there is huge, 
because in London you can 
see the stars at night, but they're 
harely visible. To be honest, it’s not 
really a great experience, 

Light pollution is something I've learned a lot 
more about since researching this book, because 
you think we've got so many environmental 
problems in the world and there are so many 
things to think about, and | hadn't really thought 
about light pollution, But after looking into it, it’s 
extremely important. 

There are lots of environmental reasons why light 
pollution matters, say, for example, wildlife, There's 
loads of different wildlife that are having their 
routines completely skewed because of false light 
and them thinking that electric light is the Moon. 
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There are lots of actual, practical reasons why light 
pollution is physically damaging the environment 
and our ecosystems. 

Of course something just as Important is how 
much we do have this connection with the night 
sky and how important it is to humanity to 

recognise our place in the universe and to look 
up at the stars and think about how 


fi long we've been here, the age of 
7 8 : . : 
i : our planet and all those kind of 


‘ ~ lovely things. You can't really 
7 do that without looking at 
the stars. It’s all very good 
reading about it in bool, 
but nothing really is quite 
as deeply penetrating as 
actually just looking up at 
the stars, and then being 
faced with that 
It seems to be one of these 
issues which is more easily 
fixed than other environmental 
problems because it’s just the 
case of where lights are, which way 
they're facing and the intensity. It gives me 
hope because I feel like compared to a lot of other 
environmental issues, it seems to be relatively more 
simple, but it’s just a case of putting action into 
place today. 


What is an International Dark Sky Reserve, and 
what is it like to visit one? 

[don't know what the official requirements are to 
meet in order to be one, but it’s basically, in simple 
terms, where the light pollution in the area is so low 
that they're considered really good for stargazing. 
We've got a handful in the country, and the South 


“The vastness of space can actually be 
very overwhelming and make us feel 
completely insignificant” 


Tiffany Francis: 





Downs 15 the most recent one to be designated 
in the UR. 

It's just really amazing. because weTe so used to 
everywhere we go, there's at least one street light 
on, and there's some kind of glow on every horizon 
pretty much wherever you go, When you go into 
one of these International Dark Sky Reserves, such 
as Snowdonia, because Snowdonia 1s a national! 
park it's not got loads and loads of buildings or 
houses and it’s very wild. You can literally be in the 
muddle of a landscape and really not see any light 
at all. And then you look up and because there's 
no light pollution reflecting off the sky either, the 
whole sky 1s just this beautiful, dark mass with 
beautiful stars smeared all over it. You know when 
you have a picture on your computer and you up 
the contrast and all the dark goes darker and all the 
white goes whiter? That's what it’s ike to go to an 
International Dark Sky Reserve. 


Where was the best place you went to observe 
the night sky? 

Oh, that’s a good question. | mean, its a bit of a 
cheat because you can only really see it in certain 
places. but nothing beats going and seeing the 
northern lights. Even from Tromse, which 1s a city, 
it was just very dark. It was just this beautiful, dark 
place. even without the northern lights there. I was 
out there even before the northern lights started 
showing and the stars already looked beautiful. 
When the lights starting showing, | had never seen 
anything like it. 

But | will say actually in July this year [ also went 
to Kielder Observatory in Northumberland, This 
isnt part of the book because it was too late, but 
we saw this thing called ‘noctilucent clouds’. They 
are like these amazing features, Basically it's where 
clouds form really high up in the sky, and the Sun 
has alreacly set, but because the clouds are so high, 
they can reflect the licht off the set Sun. Although 
it's dark, and you can't see the Sun, the clouds are 
so high that they reflect the light and give this blue- 
and-white shimmer. It's literally the most beautiful 
thing I've ever seen 


3/ 





An ESA mission about to blast off hopes to 
study exoplanets in more detail 
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arth is, as far as we know, unique in 
the universe for bearing life. What's 
VO MRETeT Ce Wa eal Me Cn ace cere 0 
Pena R cle einer el 
that allows liquid water to exist on its surface. The 
number of these planets we know of is quite large, 
EVeTe@ eM =(cRe Te =Ma)teis\a wel ea tom art 
Since the discovery of the first confirmed 
exoplanet in 1992, we've found over 4,000 planets 
orbiting more than 3,000 stars. Earth isn't alone 
in the universe, and humanity is launching 
more planet-hunting missions to discover just 
how-large tts family is. One of these is CHEOPS, 
_ the CHaracterising ExOPlanet Satellite from the 7 
ET ee) sparc bs Me) a= acme t csv eh moet UTC pt a le 
_ off on a Soyuz ST-B rocket later this year. It is the 
first 5-class, or ‘small mission in the ESAs Cosmic 
Vision programme. el sheyus actually has a rather 
large task: rather than discovering new exoplanets, 
aa reanalyse those already known and attempt 
es Gave CUM ecb tC eR ell aNee sre Lem este tod cm 
Grew Mat ce et cRe) Men cm eRe aD radii,.from 
Earth-like planets to those known: as supet-Earths, 
‘and to some the size of Ne atta 








How do other planets found so _ 
el compare to our hemeworld? 


2 : we 














fi) tae) 1 nd 2016 Discovered: . #2016 £Discovered: re) Fi 
Weller eC Rs ce ce rea |e Peo soe 
Mass: eee eed ee 1.4 Earths 
Lt gs lie eer ge) ie HW2days Orbit: ~ 9.9 days 
Startype: _ Ultracooldwarf Star type: Red dwarf . Star type: Red dwarf 


Earth Similarity Index: 0.89 eu laa Index: 0.87 Earth Similarity Index: 0.86 


i * 





ne ieee 
slates eee) | 
a abnk % mans 


a star. This 
Causesa - 
SL 


which can be 


ie Reel | 


Kepler-442bD 
Discovered: 2015 
Distance: Aiea eae 

a ee pee) 
Orbit: ee te yt 
Star type:. Me aels 


Earth Similarity Index: 0.84 


ey 
_ Earth Similarity Index: 0.83 


Kepler-452b 
Discovered: 
Ws eta en 
Ce 
tle) % 


Pie) i 

[meee eee 
cee Baa 
384.8 days 

ee As) 





HD 85512 b 
tee a Pi0}) 
Wt ela ep Cyan a 
Ee EA seg 
iTaelie 58.4 days 
Star type: K-type 


Sei edt een Od, 


See sth i Fobc 


fo) ml @l ela 
Discovered: 2015 
a eye eae ae es 
yt 3.41 Earths 
eee 17.9 days 
tae ee eee la 


SUEY rT emis 





Sela cessa 


SSO GMM ERO Baie a Cl 
inte Nila ae lea lie eaee alan ten elms yea ce 
to its high-precision Ritchey-Chrétien telescope, 
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The satellite's fargets will be planets Bet 
rated PGR eHHish eH E TI me edie cell ttte 
by NASA's Transiting Exoplanet Survey Satellite 
(TESS). ace) tian Lopes eve a arses y 
fms nee Switzerland. principal investigator for . 
CHEOPS, makes it clear that‘it's not a discovery 
mission, but a follow-up mission. “Follow-up means 
that we know. the star, we know that the star has- 
EOE a eR EC aca CR COMI cinta tirle 
Eval awe MEN alto a) daeicl ee cece ste lme) ne there to 
discover planets, we're out there to refine Te 
know about those we know already exist.” 

Measuring the radius of Fee )etela macs leita 
with other data to ral Peete aay 

i Searle dats planet’ s composition: “We're interested 

‘in going beyond knowing the mass of these 
exdplanets,” says Benz. “We want,to know their 
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Above: The 
CHEOPS 
satellite in the 
clean room 
at Airbus 
Madrid, 
February 
2019. The 
technician 
fives a handy 
sense of scale 


Below: 
Principal 
Investigator 
Willy Benz 
with a half- 
scale model of 
the CHEOPS 
satellite 


know whether the object 1s made of rock, of gas, of 
water or ice and so on. 

“We worked on the proposal for CHEOPS as early 
as 2008," says Benz, who has been with the project 
since its Inception. “We did a feasibility discovery 
but realised that the mission would be too 
expensive for Switzerland alone. We started looking 
at possibilities to get it done in collaboration, and it 
so happened that the ESA put out a call for small 
missions in 2OL!. We modified a few things to 
tailor it to the needs of the ESA, submitted it and 
eventually got selected” 

Once CHEOPS launches later this year, it will 
orbit Earth from 7OO kilometres (435 miles) 
away with its hack pointed permanently in the 
direction of the Sun. This enables its wraparound 
solar panels to shield the telescope aperture from 
sunlight, simultaneously generating power and 
allowing the telescope to concentrate on starlight 
from other systems without interference from our 
inconveniently nearby yellow dwarf. 

The method it 
called photometry, a measurement of the flux, or 
intensity, of light emanating from an astronomical 
object. Ifa star has an orbiting planet - and it’s 

facing the right way - the 


uses to observe exoplanets is 
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vhen the planet passes across the face of the star, 
known as a transit. 

We spoke to Professor Hugh Jones from the 
Centre for Astrophysics Research at the University 
of Hertfordshire, who is not involved with CHEOPS 
to find out how the technique works. ‘Tt's all about 
the planet blocling the light from the star in a 
Tepular time interval” he says. “If you keep staring 
at a star and its output changes by a small amount 
every 50 often, and that happens to be completely 
reeuilar, then there aren't many things a star can do 
that are completely regular other than be blocked 
out by a a [t's very easy to get confused 

with background stars, or in binary 
where you cant resolve the stars properly. Star 
activity and stellar i mena like sunspots don't 
happen tegularly - infamously difficult to 
understand and predict - but one thing they'te not 
is completely regular. A planet in orbit, regularly 
blocking out the light, gives a distinctive signature. 

"The reason for putting a telescope in space 15 to 
get rid of the problems associated with the Earth's 
atmosphere,” Jones continues. “If you want to see 
something happen regularly, it's a real pain to miss 
it because it happens to be daytime where you 
are. or cloudy or raining. It becomes quite difficult 
to pick up regular events from one ground-hased 
telescope, The signals are really small - one per cent 
of the light is the most that a planet would probably 
be blocking, probably less, so looking at a tiny 
change in the hght output from the star requires a 
really stable instrumental 
the conditions, and that’s exactly why this satellite 
mission has gone into space." 

Planet-hunting ‘scopes can use photometry to 
discover not only if a planet is there, but also its 
period - the amount of time it takes to orbit its 
star. From that you can work out a lot more. 
4 “From its period you can know the distance to 
its star,” says Benz. “The planets go around the 
m star, and if you know what kind of star and 
| the mass of the star then the period gives you 
the distance. Typically the Earth goes around 
fe the Sun in one year; from that | can tell you 
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The list of target stars for CHEOPS is still 
under wraps, but Benz offers up hope if your 
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favourite exoplanet isn't one of those chosen for thanks to renee lensing enhancing the view 
further investigation: 20 per cent of the telescope’s of a red giant star - CHEOPS’ preference for brighter 
observing time will be open to guest observers, stars constrains it to somewhat closer targets. “Ihe 
and can be used to study targets not on the official type of star, plus the distance to the star, determines 
list, A committee will select proposals based on how bright it 15 in the end,” says Benz. “We're talking 
scientific merit. This will also allow important about distances of tens of light yeas" 
newly discovered targets to be observed without Considering such distances, and with precision 
maving to wait until they're on the approved lists, the name of the game, CHEOPS has been 
“Anybody from around the world can submit a engineered to Pet ect itself from potential sources 
proposal,” says Benz. Furthermore, and of great of interference, "The difficulty of the mission was to 
Interest to citizen scientists, the CHEOPS data will devise an optical system that allows us to use ultra- 
become public after a year. precise photometry, says Benz. “It has a number 
The list contains a mix of planets discovered by of features that aim to reject stray light. That's the 
earlier planet-hunting missions such as Kepler and number one enemy. It comes from light from the 
TESS. "Not so much the Kepler targets, because on Sun, reflected sunlight from the Earth, reflected 
average those are faint,” says Benz. “The idea is to sunlight from the Moon that gets into the telescope 
set brighter targets, 50 we a are fc eroriris riot re TESS so the telescope has been engineered with a 
targets. TESS is flying tox i and is discovering a lol number aE baffles to reject the maximum amount 
of planets, but its telescope is much smaller than of light that does not come from the target star. 
that in CHEOPS, so what we can do on some of "The second challenging part is to have the 
the most interesting TESS targets is to refine the detector's readout electronics generate very low 
measurement of the radius to make it more precise noise,” Benz continues. “If you have no stray 
It has to be precise if you want to infer something light, but your OCD is read out by electronics that 
about the composition of the planet” penerate a lot of noise, then you haven't gained 
And while the big planet-hunting missions can anything, We need an image that is as low-noise 
detect exoplanets around stars thousands of light as possible.” 
years away from Earth - the record at the time of Given that these planets are many light years 
writing being SWEEPS-1] and -O4 orbiting a star removed from our own Solar System, and with 
27,710 light years away in the constellation current levels of technology we will never be able to 
Sagittarius, and one that may have been found 2.5 visit them, why study them at all? We know they'Te 
million light years away in the Andromeda galaxy there, isn't that enough? Benz does not think sc 


“TESS is flying today and is Siscoverine. 
a lot of planets, but its telescope is much 
smaller than that in CHEOPS’ 
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Left: The 
CHEOPS 
science team. 
undertaking 
a rehearsal 
at their 
Switzerland 
HO. Principal 
investigator 
Willy Benz is 
closest to 
the camera 
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carrying the 
drawings 

of 2.700 
children aged 
between 8 and 
14 into orbit 


‘Once you know a planet is there. don't you think 
you'd like to know what they are made of, how hot 
they ate? Do they have water? What they look like? 
Once you know it's there you want to characterise 
It, to 20 one step further. You're curious, Curtosity 1s 
driving the whole field. We know of thousands of 
exoplanets, now we want to know more than just 
that they exist,” 

Jones agrees: “We have our own planets with 
a set of properties, and the initial searches for 
exoplanets were based on looking for planets with 
properties like our own Solar System, and that's not 
what we've really found, We've found planets with a 
whole range of different properties, and the subject 
has become much bigger and more interesting than 
we imagined, The first exoplanets found around 
solar-type stars were Jupitersized or bigger, going 
around in orbits of a few days, much faster than 
Mercury's 68-day orbit. That's an example of how 
extreme things are, 

"Knowing the radius plus a mass estimate is 
telling you something about the planet's potential 
history,” he continues. “Planets might not stay in 
exactly the same orbits they're born in, and they 
might acquire more material, moons or rings. It’s 
only with really good data that you can discriminate 
between different theoretical models. It extends into 
understanding our own planets and their formation, 
Our ideas about the formation of the Solar System 
have been completely changed by discoveries of 
planets going around other stars.” 

In an extreme universe, it seems gathering 
more and more data is the key to knowing just 
how extreme things can get. The search for Earth- 
like planets may keep headline writers busy, but 
data trom every planet CHEOPS and other space 
telescopes survey will play its role in understanding 
how the universe came to be the way it is today. 
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Astronomers seeking an accurate | age for the.cosmos continue 
to be baffled by an ancient star that appears to’be even older 
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or more than JOO years, astranomers - 
have been observing a curious stat E oo ne ; -* . 


located some 190 light years away Astronomers at least know HD 140283's | 
from Earth in the constellation Libra. location ale ethel de emeDSIN koe } | | 


It rapidh ¥ journeys across the sky at 13 million ! 
kilometres (800,000 miles) per hour. But, more s 
interesting than that, HD 140283 - or Methuselah 
a5 it's commoany Known - is also one of the 
LINIVETSe'S ae keri JWTL Stars. 
observations vid the Rinopeaii § space Agency's 
(ESA) Hipparcos satellite that estimated an age ot 
6 billion years old. Such a figure was quite 
impressive, and rather mind-blowing, yet also 
pretty baffl ne. As Professor Howard Bond « of 
Pennsylvania State University pomts out, the 
age of the universe - determined ftom observations 
of the cosmic microwave background - is 13.8 5 
billion years old. “Tt was a senous discrepancy, 
he tells us. 

Taken at face value, it raised a major problem. 
How could a stat be older than the universe? Or, 
conversely, how could the universe be younger? 
[t was certainly clear that Methuselah - named in ” 
reference to a biblical patriarch who 1s said to have Constellation of Orion 
died aged 969, mi e him the longest lived of all g = The constellation of Orion is 
the figures in the Bible - was old, since the metal- located here in the upper left with 
por VOT SL ibg lant is et amen made of hydrogen Rigel, the brightest of its stars, and 

dco ‘little iron. It meant Betelguese, the second brightest. 

it must chave'e come into 5 baie before the element | 
became commonplace, But more than two billion 
years older than tts environment? Surely that 1s 
just not possible. 

Bond and his colleagues set themselves the 
task of figurine it out, and the first step was 
determining whether that initial figure of 16 billion 

5 actually accurate, They pored over 11 sets of 

stsrvatic ms that had eins recorded between 
2003 and 2011 by the Fine Guidance Sensors of the 
Hubble Space Telescope, which make a note of the 
positions, distances and energy out pt it of stars. In 
acquiring parallax, spectroscopy and photometry 
measurements, a better sense « oF age could 
be determined. 

"One of the uncertainties with the age of 
HD 140283 was the precise distance of the star,” 
Bond explains. “It was important to get this right 


Left: because we can better determine its luminosity 
A view of the and from that its age - the brighter the intrinsic 
sky surrounding luminosity, the younger the star. We were looking 
MRP iE, i Zubeneschamal HD 10283 man for the parallax effect, which meant we were 
ale agate image that was 


4 released in 2013 








Viewing the star six months apart to look for the 
shift in its position due to the orbital motion of the 










ae - ' / Virgo Far right: Ex aE which a Lis eee} se tneeeiiia 
! | wale a igitized Sky ere were also uncertainties in the theoretica 
ime oa ree A Digitized Sky 






Survey image of modelling of the stars, such as the exact rates of 
HD 140283 which nuclear reactions in the core and the importance of 
was photographed elements diffusing downwards in the outer layers, 

, by the Anglo- he adds. They worked on the idea that leftover 

. Scorplus a Australian helium diffuses deeper into the core, leaving less 

‘ —. ' a bh Ha es hydrogen to burn via nuclear fusion. With fuel usec 
. Spot lu se eb) 7 faster, the age 15 lowered. 

, “Another factor that was important was, of all 
things, the amount of oxygen in the star,” Bone 
eGnuSieS Indeed, HD 140283 had a higher than 
preclicled ox yeen-to-iron ratio and, since oxygen 
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Methuselah | 


Pleiades cluster 

This open star cluster in the 
constellation of Taurus is 
dominated by hot, blue and 





Methuselah 





' - 7 luminous stars formed within east | 3 oh, wes 


the last 100 million years. 
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Ancient ejection 

The star was ejected many 
billions of years ago from its 
original galaxy, and it has an 
elongated orbit as a result. 
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from Earth 


14.5 billion 
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Estimated solar mass 
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Passing through 

From the perspective of Earth, 
HD 140283 traverses a distance 
equivalent to the width of the 
Moon every 1,500 years at 

1.3 million kilometres (800,000 
miles) per hour. 


ee Our Sun 
: From this perspective our Sun 
would not be visible to the 
naked eye, and it would have 
dimmed to a magnitude of +7 
- this is the magnitude of HD 
140283 as seen from Earth. 





HD 140283's position Z 
HD 140283 is a little over 190 E 
light years away from Earth FF 
in the constellation of Libra, 2 
making it one of the closest . 
low-metal stars to our planet. . 


A study by Inh 
Jee of the Max. 
Planck Institute 
in Germany and 
published in 


on 13 Seplanbier 
2019 used 
gravitational 
lensing to suggest a 
Hubble Constant of 
82.4, which would 
age the universe at 
11.4 billion years. 

It does, however, 
have a large 

margin of error 
because only two 
gravitational lenses 
were used. 
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What is HD 140283 
made up of? 


Since the star was one of 
the first to be formed, it 

is very different to those 
which have formed later in 
the universe's life 


It nas very litte iron 

Bie mae ae |e ce dane 
Renee Camel melt elt geile 
SERUM MRR UR (enn em nal 


| the element was less common. 
| Peae ie EMRE eats). oe 
| Se GB ee tee eee eee ts 


Pewee a(t a em eR totam gE 
ete Ui em Se eto 
abundant in oxygen very early on. 





Left: 

Stars like 
those found 
in the 
Pleiades 
star cluster 
formed after 
the birth of 
the universe 





A. ESA, AURANCalbech, Pabotiarn Obsernyatory 


HAAS 


= nere are traces oT tn 

ewe idea eee mem a 
tee ee Orca well meen 
having not evolved into a red 
giant. Lithium was one of the 
Te eel ek 


| Averogen is abundant 

5 Yai eee e pe oe are ee 

| spectrograph in order to pick 
up on HD 140283's signatures 
of elements in its light, lots of 
hydrogen was evident, 


; Vem eee elan 
Ie ee eel 
entirely hydrogen and helium, and 
TPM ip tae | ep eed 
to form, a reasonable idea of its 
Ema MMe UE dale 


was not abundant in the universe for a few million 
years, it pointed again to a lower age for the star. 

Such observations took Bond and his collaborator 
Professor Don VandenBerg a while to obtain, but 
they were able to make a breakthrough. 

HD 140283's age was measured at 14.46 billion 
years - a significant reduction on the 16 billion 
previously claimed. That was, however, still more 
than the age of the universe sre hut the 
posed a residual uncertainly of 800 reitTtir on years, 


scientists 


which Bond said 1 met the star's age compatible 
with that of the universe 
entirely perfect. 

"Like all measured estimates, it is 51 et fo 


even though it wasn't 


both random and systematic error,” says physicist 

Professor Robert Matthews of Raia: ince y in 

Birmingham, Ul, speaking in a personal capacity. 
“The ‘overlap’ in the error bars gives some indication 

of the probability of a clash with cosmological 

age determinations. 

He continues: “In other words, the best supported 
age of the star is in conflict with that for the derived 
age of the universe [as determined by the cosmic 
microwave background), and the conflict can only 
be resolved by pushing the error bars to their 
extreme limits.” 

Further refinements to Bond's work saw the age 
of HD 140283 fall further. An update in a follow- 
uip paper by VandenBerg updated the age to 14.27 
EEO years, “The conclusion reached was that 
the age is about 14 billion years and, again, if one 
ine ludes 2 all sources of uncertainty - both in the 
observational measurements and the theoretical 
modelling - the error is about 7O0 or #00 million 
years, so there is no conflict because 13.8 billion 
years lies within the star's error bar." 

For Bond, the similarities between the age ot the 
universe and that of this old nearby star - both of 
which have been determined by different methods 





of analysis - is “an amazing scientific achievement 
which provides very strong evidence for the Big 
Bang picture of the universe”. He says the problem 
with the age of the oldest stars is far less severe 
than it was in the 1990s when the stellar ages 
were approaching 18 billion years or, In one case, 


20 billion years. “With the uncertainties of the 


determinations, (he ages are now agreeing,” he says. 


Yet Matthews believes the problem has not yet 
been resolved. Astronomers at an international 
conference of top cosmologists at the Kavli Institute 
for Theoretical Physics in Santa Barbara, California, 
In July 2019 were puzzling over studies that 
suppested different ages for the universe. They 
were looking at measurements of galaxies that 
are relatively nearby which suggest the universe 
is younger by hundreds of millions of years 
compared to the age determined by the cosmic 
microwave backeround, 

In fact, far from being 13.8 billion years old. 
as estimated by the European Planck space 
telescope's detailed measurements of cosmic 

Youre as ll4 


The Hubble 
space Telescope 
iil em tere 
Vince a eat ele 
to monitor and 
fa) crc a 

HD 140283 


Methuselah 


“One of the uncertainties with the age of 


HD 140283 was the precise distance of 


the Star Prot Howard Bond 


bution years is being indicated. One of thase behind 
the studies is Nobel laureate Adam Riess of the 
Space Telescope Science Institute in Baltimore, 
Maryland. The conclusions are being based on the 
idea of an expanding universe, as shown in 1929 by 
Edwin Hubble. 

This is fundamental to the Big Bang - the 
understanding that there was once a state of hot 
denseness that exploded out, stretching space. It 
indicates a starting point that should be measurable, 
out fresh findings are suggesting that the expansion 
fate is actually around ten per cent higher than the 
one suggested by Planck. 

Indeed, Planck's team determined that the 
expansion rate was 6/4 kuiometres per second 
per megaparsec, but measurements taken of the 


to values of /3 of 74, That means there is a 
difference between the measurement of how fast 
the universe is expanding today and the predictions 
of how fast it should be expanding based on the 
physics of the early universe, Riess says. Its leacing 
to a reassessment of accepted theones while also 
showing there is still much to learn about dark 
matter and dark energy, which are thought to be 
behind this conundrum. 

A higher value for the Hubble Constant indicates 
a shorter age for the universe. A constant of 67/4 
ldlometres per second per mepaparsec would lead 
to an age of 13.8 billion years, whereas one of 73 or 
even as high as // as studies have shown would 
indicate a universe age no greater than 12.7 billion 











































years, I's a mismatch that suggests, once again, 
that HD 140283 is older than the universe. It has 
also since been superseded by a study which 
suggests a Hubble Constant of 62.4 - suggesting 
that the universe's age is 1.4 billion years! 

Matthews believes the answers lie in greater 
cosmological refinement. “I suspect that the 
observational cosmologists have missed something 
that creates this paradox, rather than the 
stellar astrophysicists,” he says, pointing to the 
measurements of the stars being perhaps more 
accurate. “That's not because the cosmologists are 
in any way sloppier, but because age determination 
of the universe 15 subject to more and arguably 
trickier observational and theoretical uncertainties 
than that of stars.” 

He says unknown systematic biases which make 
the true value lie even outside the error bars are 
always possible, but that these seem less likely in 
the case of stellar ages than the possibility that the 
cosmological age 1s misleading in some way. 

But what could be making the universe 
potentially appear younger than this particular 
star? “There are two options, and the history of 
science suggests that in such cases the reality —_ 
is a mix of both," he offers. “In this case alll 
that would be sources of a 
observational error that havent 
been fully understood, plus 
some gaps in the theory 
of the dynamics of the 
universe, such as the 
strength of dark energy, 
which has been the prime L 
driver of the cosmic | 
expansion for many billions 
of years now, 

Indeed, he suggests the 
possibility that the current ‘age 
paradox’ reflects ime variation in 
dark energy, and thus a change in the 
rate of acceleration - a possibility theorists have 
found might be compatible with ideas about the 
fundamental nature of gravity, such as so-called 
causal set theory. He also says new research mto 
pravitational waves could help to resolve the 
paradox. “Analysis of gravitational waves provides 
a new, independent and potentially ‘cleaner’ way of 
measuring the Hubble Constant, and thus the age of 
the universe,” Matthews adds. 

To do this, scientists would look at the npples 
in the fabric of space and time created by pairs 
of dead stars, rather than relying on the cosmic 
microwave background or the monitoring of nearby 
objects such as Cepheid variables and supemovae 
to measure the Hubble Constant - the former 
resulting in the speed of 67 kilometres per second 
per megaparsec and the latter in 73. 

Trouble is, measuring gravitational waves is no 
easy task, given they were only directly detected 
for the first time in 2015. But according to Stephen 
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1. Feeney, an astrophysicist 


) at the Flatiron Institute Scientists TL * Sa ee 7 
in New York, a have been A hi ted - 
breakthrough could be = _ Keen to. 

fF mace over the course discover 

: when the 
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of the next decade. The 





universe 
y idea is to collect data began - that 
from collisions between is, when the 
pairs of neutron stars using Big Bang is e star really did come fi 
= the visible light these events occurred ioe 
= emit to hgure out the speed they and left its rie ip Pte sey 
are moving relative to Earth. It also entails imprint on SAG Taos 

analysing the resulting gravitational waves for the fabric of ali a c 
an idea of distance - both of which can combine the cosmos e do knov 
to give a measurement of the Hubble Constant Left: Scans Per ie 
that should be the most accurate yet. Ri ess says i 

The mystery of the age of HD 140283 the universe Li: 
is leading to something bigger and is expanding The universe's ace is wrong 
more scientifically complex, altering the ten per cent eee 
understanding of how the universe works. faster than peinia sansa sate a ites 
At the same time, work on ageing the predicted by Bota aruiorm eeu anton sn cet : 
universe 15 ongoing with, Matthews has observations of rT] 
aTeued, a need to reassess some unreliable of the | ener om eben 
assumptions that have been used to estimate aioe 5 ral ae ee iy: 
the distances to far-away galaxies. “lhe retired ae llio E 
most likely explanations for the paradox are the Big Bang i LU a“ 
some overlooked observational effect and/or - alarger 7 5 a | 
something big missing from our understanding § ¢onstant ‘The dating of tf Piece ele 
of the dynamics of the cosmic expansion, he indicates a c en the fact the star's age has 
says. Precisely what that ‘something’ is, 15 sure faster moving eS ah ae ee ce peeielre Ses ' 
to keep astronomers challenged for some time. and younger fia = sast few decades, there i 


‘Age determination of the universe is eigen ose 


subject to trickier observational and ere x 
theoretical uncertainties” prof Robert Matthews pie 
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SPACE: 


VENUS WIL 
CLIMATE SHIFT 


Long billed as Earth’s much hotter twin, many mysteries hide within the 
thick envelope of clouds that surround the planet - and these may also 
be responsible for its dramatic atmospheric changes 


Venus 








new study on a decade of ultraviolet 

Seca eee ee ene ne mee Oe 

fame 0) ele) vem enrages me) tele 

jem alee Mey MNNN iW hTs te) (ime Old pimielcle Cor tco a 
by half before shooting back up again, researchers 
said. This change resulted in large variations in the 
amount of solar energy absorbed by Venus’ clouds 
and the circulation in its atmosphere, causing the 
fel ade ome) Pet cS) Mecca ec 

CG iheccuima beer: cea ee belcce ek veer hi 
not been considered before,” Yeon Joo Lee, a 
researcher at the Center for Astronomy and 
Astrophysics at the Technical University 
Co) crate stem (eee) eee en 
told space,com, “Moreover, the level of 
UV-albedo [reflectivity] variations 1s 
SVEN GCae DG M ee eee RE Laem (NM Ce ev Cre 
atmospheric dynamics.” 

OW ene ee 
deta cae emer elc le ems) ye erence 
Eli GMe etme sate PO bce tse cae 
of its surrounding clouds, Unlike 
Earth, Venus’ clouds are made up 
eMC LA ae eR NORM ements 
patches that scientists refer to as 
‘unknown absorbers’, as they absorb 
eee aa eee eae com en 
emitted by the Sun. The new study 
Sere MO MMi oe ees mL ae 
whiat is causing these changes in Venus’ 
climate, although the team of scientists 
ert) aM Ui eee LC On a n eS ie 
CU Com Meee em GN lees saree e) ate late) ate 

w Va eared MN Oem e = ete Lele 
See Meee Reema Maem ele 
Aletha Ae ame om Tb eecle) omCe mal ne mele 
whether or not this change is cyclic," Lee said. 

setae epee t=me) ela meee dca le hme t ies 
extreme, with temperatures reaching 471 degrees 
Celsius (880 degrees Fahrenheit) and winds 
sweeping across Venus’ surface at a speed of 724 
kilometres (450 miles) per hour. 

If further observations were to prove that solar 
ACA ee is ae CO UMM em te en nel cs 
ia B ISOM ete emcee Mei me OTe Vat | 
Races) mee) nce meme] te eae a aM be orm mo Pelee weve ea ge 





sunlight, such as Earth and Titan, according to Lee, orbiter, NASA's Messenger 
However, the degree of change would be different spacecraft and Hubble 
in each one. asain ece ia 
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User Manual Juno 





Launch: 5 August 2011 

Launch rocket: Atlas \/ 55] 

Target: Jupiter 

Operators: NASA JPL 

Programme cost: $1. 1bn (£760mn) 
Components: Multiple components 
Height (core): 3.5m (11.5f) 
Diameter (core): 

3.5m (11.5ft) 


For NASA and its Jet Propulsion Laboratory, the 
Jupiter Near-Polar Orbiter Juno) 1s more than just 
another analytical study far out in the depths of 
space - it’s a step forwards for alternative fuels in 
deep space travel and could very well change the 
way we design such craft in the decades to come. 
Interestingly the esumated $11 bilhon (£760 
million) programme isn't the first NASA effort to 
study the imposing gas giant sitting far across the 
expanse of our Solar System. From 1995 to 2003, 
the proverbial ‘old faithful’ Galileo probe was held 
in Jovian orbit for a staggering eight years before 
eventually being deorbited and torn apart in the gas 
giant's turbulent atmosphere. Galileo revealed 
a treasure trove of information about the largest 








planet in our comer of space, including the theory 
of a liquid ocean, as well as providing a greater 
understanding of how its unique magnetosphere 
conducts itself around the chaos of its composition. 
50 what has Juno been doing since it entered Jovian 
orbit in July 2016? The craft has been studying 
the planet in meredible detail in an attempt to 
understand the true nature of the Solar System's 
most violent planet. 

luna 1s investigating the core mass of the planet 
In the hope of better understanding how such an 
object formed in the furnace of our Solar System's 
creation, while also studying the ratio of oxygen 
to hydrogen - another area that could share more ¥ 
insight into that early formation era. The planet's 


‘Juno is investigating the core mass of 
Jupiter in the hope of understanding 
how such an object formed” 


eRe cs meen M RSs eee Aimer einem Onl 
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each one was folded into four segments 
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a | ——_— A technician inspects one of Juno's insulating blankets 
, _ before it is installed on the Magnetometer 











Juno 


Anatomy of Juno 


Its instruments may not be revolutionary, but they have 
proven vital in the study of the gas giant 











Jovian Auroral Distributions @ - 
Experiment (JADE) 
JADE ts identifying the processes that 
produce Jupiter's aurorae and helping 
to create a three-dimensional map of 
the planet's magnetosphere. 


JunoCam ® 

The JunoaCam is Juno's one- 
stop camera for capturing 
images of Jupiter's chaotic 
atmosphere and cloud tops, 





Ultraviolet @ 
spectrograph (UVS) 
The UV'S serves Juno by 
imaging and identifying 
ultraviolet emissions within 






Cr the atmosphere of Jupiter. 
Jupiter Energetic Particle @ 

caeen Detector Instrument (JEDI) 

| Along with having perhaps the best 

acronym in all of space engineering, 

JEDI is a group of sensors that 

measures charged particles. 

= 
Gravity Science @ Fluxgate Magnetometer (FGM) @ 
The juno Gravity — Juno has two FGMs on board, which 


are used in tandem to measure the 
direction and magnitude of 
Jupiter's magnetic Tield. 


Science tool is probing 
the mass properties 
of Jupiter as well as 
performing Doppler 

effect tracking. 






@ Microwave Radiometer 
This particular instrument 
is sounding deep into the 
core of Jupiter and studying 
thermal emissions fram a 
series of altitudes. 


Scalar Helium @ 


Jovian Infrared @ Magnetometer (SHM) 


a Auroral Mapper 
; (JIRAM) 


The SHM, located at the tip 


of the magnetometer boom, 
JIRAM is primarily @ Plasma Waves Instrument measures the magnetic field of 
used to gather This tool is used to analyse Jupiter with high accuracy. 
infrared images and the radio waves and plasma e 
spectra of Jupiter. waves within the magnetosphere i 
of the planet. z 
af 








































1. Getting 2. Course 
Into POSMOr correction 
After breaching the After around two. 
gravitational pull of years of travelling 
the Earth, Juno was “on this route, Juno 
carried 80 million ired its boosters 
kilometres (50 fr fora brief course 
million miles) te .. correction to align 
away from our i; | , it for an Earth 
home planet. £ encounter. 





@ 4. The slingshot ® 3. Sun's embrace 
Since the gravitational energy While it left the Earth for 
of the Earth was greater than dust, Juno was still affected 
the velocity of the craft, Juno by the gravitational pull of 
was essentially slingshotted out the Sun, keeping the craft 
of the Sun's gravitational range. ina rough orbit. 

@ 5. Headed for Jupiter 
Away from the Sun's grasp, 
Juno could begin its five- 
year journey towards its 


final destination: Jupiter. 











magnetic and gravitational fields are also of great 
interest to NASA - Juno is studying the depth of 
Jupiter's gravitational pull to the dynamics of tts 

deep core, as well as tracking its magnetic field 

to see just how far into the planet such a process 
originates. This study is also bringing us a little closer 
to understanding the wider effect of the dynamo 
theory, the process whereby a celestial body creates a 
magnetic field. 

That's not it for Juno either - NASA will construct a 
three-dimensional picture of Jupiter's magnetosphere 
for the first time, following on from the data collected 
by Galileo more than a decade ago. There are even 
plans to apply Einstein's general theory of relativity 
to Jovian rotation, as well as further tests to study 
the planet's temperature. It’s a pretty tall order, even 
for the biggest of spacecraft, but it’s got plenty of 
established technology up its sleeve to pet the 
Jovian job done. 

The craft is undertaking a rather unusual 
orbit - a highly elliptical polar orbit to be precise - 
which was chosen specifically to help Juno avoid 
most of Jupiter's highly radioactive regions, Since 
radiation levels are still incredibly Migh, even in 
the comparatively safer band between the poles, 

juno keeps its most vital 
electronics within a 
radiation-shielded 
vault. This vault 







& Adrian Mani 








Juno 


wasnt thrown in just for go0d measure - its fh receiving 25-times less sunhgeht than we do here. 
inclusion in the primary Juno design forms jf As such, the choice to include solar panels as the 
part of NASA's Vision for Space Exploration, primary means of energy may seem a little reductive 
which states any spacecraft travelling but advances in solar cell design are making all the 
beyond low-Earth orbit must have sufficient difference, even now as it hurtles around its 


rachation shielding in order to ward against destination performing its science. into an orbit 
failure out in the field. Interestingly. Juno Juno has three large solar panels at its 


was also in perpetual spin when it began its disposal, each of which is &9 metres (29.2 1 The big launch | | 

orbit, a procedure vital for the craft's onboard feet) long, which will power the craft for the On 5 oe ve a no lifts off nin . RE 
instruments to have an equal chance to entirety of its planned mission, now well past Canavera aboar an Atlas V 291 POCKET. Arter ane 
ore aa! wean ath see at minute and 33 seconds, the two main boosters 
study the planet in depth. Its originally proposed two-year lifespan. Those 


Those | fj 4 fa ; sl detach and fall away. The main engine falls away 

© instruments aret rt 2 Ws i the IOWeT Tec ay ! ai 
ose instruments arent anything cells are the latest in solar power technology at four minutes and 26 seconds, and after just 40 
new to those familiar with NASA's many 


and are 50 per cent more effective at utilising minutes Juno is out of Earth orbit. 
other probes and spacecraft, but they still sunlight than those used in previous missions, 
prove vital on board a vehicle attempting | Considering Juno 1s the first mission of this 
to unlock some of the universe's most type and distance to not utilise traditional 
unusual secrets. Juno is packing seven | Tacioisotope thermoelectric generators - even 
main instruments in total, with each one its predecessor Galileo used such a propulsion 
facilitating those all-important goals NASA system - the craft is proving the potential of 
has planned, 7 H solaT power, even in the deepest of space. 
However, it’s 1n ts use of solar power 3 ; 


that Juno 1s making its biggest 
waves. At a distance of 588 
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2 Earth flyby 


‘Two years later, the Juno spacecraft performs 


cmt | eas = @ Atlas V 551 rocket an Earth flyby on 9 October 2013. This gives 
million kilometres (365 million | The soace rocket | ! 
vrtifisn bl cle Rens Pecraese' de | P ee the craft the large speed boost it needs to reach 
aiatanies Heras the Raith ae launched Juno on its Javian space. The flyby brings the craft within 559 
ire UE Nnr ere ace as five-year journey from kilometres (347 miles) of Earth before flinging it 
and the Sun - Juno will be fe | Cape Canaveral, Florida. back out into deep space. 








Head to head 


When it comes to size, Juno outshines the previous 
Jupiter craft, Galileo, as its three solar panels give 
the craft a 20-metre (65-foot) wingspan. In terms of 
weight Juno also has the edge, with an impressive 
3,625 kilogram (8,000 pound) launch mass - for 
comparison, a double-decker bus weighs 12,000 
kilograms (26,460 pounds). In terms of time, Galileo 
took six years to reach Jupiter, while Juno made the 


3 Entering Jovian orbit 

= On 5 July 2016, Juno approached Jupiter and 
began an orbital insertion burn in order to slow 
its speed and enable the craft to enter a highly 
elliptical 53-day orbit around the planet. The craft 
then began its mission, and has so far completed 


Solar pane els: Vital stz statistics over 20 orbits. 
the tech changing deep 2 BOUTS mee vwiioomn 


space travel forever The time it takes i ra ane 
es 7 hine to thy from dunng this +. 

In January 2016, Juno became the most isle te wile 

distant solar-powered craft from the Sun. 


The record was previously held by the ESA’s 486 watts \ J / J ° i 
Rosetta probe. With 18,698 solar cells at its The power generated | the whieas eel 
disposal, spread over three panels, Juno by Juno when it amen 6 ; Bulbs 

has more than enough energy to power amived at Jupiter 

its mission. At Earth distance those silicon 
and galltum arsenide cells generate l4kW 
of energy, but that was much lower when it 
arrived at Juptter. 





Juno 





trip in less than five. | 3,625kg 


TOP TECH 






End of mission 
After 24 months, NASA planned to terminate 
Juno by removing it from elliptical orbit and 


3 5 A That's slightly —t \ manoeuvring it into the planet's turbulent 
He ITT taller than a atmosphere, where it would burn up. However, 


The height of Juno basketball hoap the Juno mission has been extended to at least 


| July 2021. 
340 Roughly 
3 7 the same 
The combined weight as three 


of all three panels fnidges 


faster than a family 


Top speed of solar hatchback 
winds around —_—— — 
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“This book uses groundbreaking digital technology to bring this fascinating story to life as 
never before. With the help of a smartphone or tablet the reader can trigger video footage, 
360-degree images and complete documents including the official report into the Apollo 11 
Mioon landing. 

“Full of personal insights and accounts of the long journey to getting a man on the Moon, 
Missions to the Moon is the perfect companion for anyone with a love of space travel, the 
Mioon landings or NASA, CNSA, RFSA and the rest of the world’s space programmes.” 


Gemma Lavender, Editor-in-Chief 
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Life's cosmic origin : 





; e # 
: 1 aa oo F am : . to denote a definitive starl point. One option that 
2 S ETO! , te) y tos CO] 1 CS S | definitely warrants further investigation, however, is 
the introduction of lite, if net the ingrectients for life, 
These two time capsules ot the Solar Seen could hold the hitchhiking on comes and asteroids. 
: : = : 5 , F P a i ectic af whe nos ; rely lore: text ij ao 
answers to the life-long question of humanity's origin , bis eae be ee . a A = = 
Barth] depends on how easy itis for us to reproduce 
> the conditions that took place on Earth in the 
Fs dE : 5 7 ee laboratory. There are several groups trying to do 
IDEN TIFICATION : é sit 2 that - one of them is at Harvard,” says Avi Loeb, 
ee Frank B. Baird Jr. Professor of Science at Harvard 
University in Cambridge, Massachusetts, to All 
About Space. “Jack Szostak - he's the leader ol 
that group - when he started doing the 
= -. ie experiments, he thought that creating life out of 
f random processes on the eariy Earth, it must be 


Asteroids Comets 
Mita ye ee) ele CR ela 
(ere eet eae g eee ee a ae 
primarily of silicates, | smaller amounts of 
metals ora combination rock and dust. They 





ofthe two: formacomaandatail. eran 

very unlikely because of the complexity of time. 
. ite th But now, after several years of working on it, he is 
pretty much convineed that random processes on 
Earth could have led to what we see. He's not of the 


lon tail 






ee | rec mo eee ages p tence eee ais 
esc ae et 7 opinion that it was necessary to bring life to Earth 


from outside” 

That 1s currently the leading idea, confirmed 
ce -— - Dust tail to us here by one of the world's most qualified 
Secret at ee Nee aye nae q | astronomers, that life was built from the ground up 
, Cabalt Noe ocr and that ahens from a galaxy far, far away did not 

oh a een gift us with life. However, this is still just a theory, 
and there 1s still the question of how Earth got tts 
complex organic compounds and oceans of water to 
blend these ingredients together. 

Asteroids and comets have been the target of 
sevetal space exploration missions in recent times, 
with three of the world's grandest space agencies 
executing robotic missions to visit them. NASA 
has the Origins, Spectral Interpretation, Resource 
Idenhfication, Security, Regolith Explorer (OSIRI5- 
REx) mission at the asteroid Bennu:; the Japan 
Aerospace Exploration Agency's JAXA) Hayabusa 
mission 15 at the asteroid Ryugu and the European 
Space Agency's (ESA) Rosetta-Philae mission visited 
the comet 6/P/Churyumov-Gerasimenko, 

The last of these three, Rosetta at Comet 67P 


has revealed some exciting results about the 









Main asteroid belt LOCATION _. i Oort cloud 
The main asteroid belt . wo BS Cire Oort cloud extends to 
between Jupiter and Mars | ae PRI S-4 the outer reaches of the Solar 
we contains most of these ancient Me ate’ tf System and is thought to be 
rocks in our Solar System. composed of icy planetesimals. 
It is thought to be the origin of 
most long-period comets. 





Kuiper belt 
The Kuiper belt, beyond the 
orbit of Neptune, is the origin 
of most short-period comets 
in the Solar System. 
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Below: 
Meteors could 
have brought 
cyanide, a 
compound that 
could power 
bactena 
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Introduction to Earth 
The final step of the journey 
is entry through Earth's 

EUG e te) ae La 

fe] sel ee fateged 
extreme temperatures that 
could potentially kill the 
aliage ee 


Afrelai@ alee epee le 

Frozen within the Martian rock, 

uel eR mee nee 
HTL eEM tote OMe amid mee, 
Earth, avoiding damage in the form of 
collisions and cosmic radiation. 


Lithopanspermia could have brought ancient life from 
Mars to Earth, which could make us all Martians 


chemistry residing within these dusty snowhalls. 
“The particular type of water found on Comet 67P 
does not match that of Earth's oceans today, but 
other comets created elsewhere in our Solar System 
may provide better matches,” says Douglas Vakoch, 
president of Messaging Extraterrestrial Intelligence 
International (METI) and an astrobiologist, to All 
About Space. "This one example of the European 
Space Agency's mission to a comet reminds us that 
a successful expedition may yield as many new 
QUESTIONS aS answers, 

Although this mission didn't find conclusive 
evidence that comets are the true water bearers that 
eave the Earth its oceans, it is still the most widely 
accented theory. Hopefully with more missions 
to the hundreds of thousands of comets scattered 
around the Solar System, astrobiologisrs will find 
water buried within a comet that does match the 
signal of Earth’s water. However, the Rosetta mission 
did yield much more positive results for complex 
molecules, "The mission also helped us understand 

ent on this 
comet, including the amino acid elycine. Even if 
comets didn't seed early Earth with full-blown life 
they may have contributed organic material, as well 
as Walter, continues Vakochn. 

But just what is glycine, and why is it important? 
Well, glycine is an amino acid which is basically 
a building block for lite as we know it, Amino 
acids Make up protein, one of the most crucial 
Compounds that humans need to live and grow, and 


this was found on a comet hundreds of thousands 
of miles away. 

The other two asteroid missions, which at the 
time of wnting are still in orbit and functioning 
atound their respective asteroids, conducting 
amazing scientific experiments, are both planned 
to perform a sample collection and deltvery back 
to Earth, a feat that has never been accomplished 
before, What makes asteroids so special, warranting 
this kind of grab-and-go mission in space, 1s that 
they are essentially frozen time capsules from 
when the planets were borm. Whereas Earth, Mars 
and every other planet in the Solar System has 
undergone drastic surface changes throughout the 
last billions of years, essentially destroying any 
evidence of past life, asteroids could still have signs 
of the ancient, life-giving organic molecules shielded 
from the cosmic rays and preserved in the freezing 
Vacuum of space. 

JAXA's HayabusaZ has yet to announce any 
eroundbreaking scientific discoveries, but these will 
likely come after the sample delivery. It collected a 


“The particular type of 
water found on Comet 67P 
does not match that of 
Earth’s oceans” pougias vakoch 





Life's cosmic origin 


sample of Ryugu on 1) July 2019 and will return it 
safely to Earth in 2020, depositing it in the outback 
desert of southern Australia. NASA's OSIRIS-REx 
mission, on the other hand, will collect a sample of 
Bennu in mid-2020 and return it to Earth in 2023. 


This sample collection may arrive well after JAXA‘s. 


but scientific gains have already come from this 
mission, with scientists al NASA and Boise State 
University in Idaho stating that compounds such 
as carbon monoxide and cyanide can be found on 
carbom-tich asteroids such as Bennu. 

When people think of cyanide, they will most 
likely think of the poisonous, suffocating pas. 
However, to scientists studying meteorite samples, 
siens of this compound mean tt could have 
powered bacteria and archaea billions of years ago, 
in a time when collisions between Earth and these 
asteroids were much more frequent. Sadly these 
astronomers will have to wait until 4023 to confirm 
or deny such theories. 

Another theory is panspermia, which is the idea 
that life was brought to Earth from outer space. A 


sub-theary of this is lithopanspermia, the idea that 
microorganisms were ejected from a host planet 
alter an impact olf some sort preserved as they 
travelled through freezing space and then making 
their way to Earth, surviving the atmospheric entry 
and impact. “Microorganisms that travel from one 
planet to another inside rocks ejected after comet 
or asteroid impacts have a dangerous journey to 
another planet. First they need to survive ejection. 
Then they need to survive their travel to another 
planet, which could take millions of years or more. 
And then they need to withstand the heat of 
passing through the atmosphere of their adopted 
world, and survive the impact. The relative risks ol 
each phase depends in part on the nature of the 
star system where the interplanetary travel oocurs,’ 
explains Vakoch, “For example, the TRAPPIST:1 
system is centred around a dim, red dwart star, with 
at least three planets tightly packed into the star's 
habitable zone. The proximity of these planets to 
one another could radically reduce the travel time 
ofejected matenal from one planet to another, 

\ 


‘ 


‘ 


making it potentially easier for life to survive thal 
phase of the journey” 

With less travel time, there is a lower possibility 
of things going wrong in transit. So what could have 
brought life to Earth? Perhaps Mars? "It's possible 
While Mars had an atmosphere, it had liquid watet 
and life emerged on Mars, even before it did on 
Earth. We did have Martian rocks that were kicked 
out of Mars and arrived to Earth, one of which was 
not heated by more than 40 degrees Celsius [L04 
degrees Fahrenheit] inside its deep interior, and we 
know that from the magnetic patterns,” explains 
Loeb. “And so, such a rock could have delivered 
early life from Mars to Earth, so we don't actually 
know if we are all Martians, or not." 





Right: 
Stromatolites 
are rock-like 


structures 
that formed 
from ancient 
bacteria 





The spacecraft are on the hunt for Saierelel building 
blocks, including ice and complex organic molecules 
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This would not be an invasion, but Martian rocks 
Taining from above, delivering its prehistoric life 
from before it lost its atmosphere completely and 
lost its life as a tesult. Results that lend credibility 
to such an argument come at the hands of NASA's 
Mars Atmosphere and Volatile Evolution (MAVEN) 
spacecraft, which suggest that Mars lost its 
atmosphere around 3.7 billion years ago. Before this 
Mars had lakes of flowing water and most likely its 
own microbial life, but then the Red Planet lest its 


blanket that kept its hospitable conditions. Now it 
is just the dry, barren land that is seen today by 

NUMeETOwsS orbite TS and rovers, Howe VET, hased CW 
this timeline and the evidence shown by Martian 


realms of possibility to suggest that life on Earth 
could have arisen from life on Mars. 

Although the question will continue to linger, 
there are missions and methods that are bringing 
exciting results that could help answer the age-old 
question of where life came from. When this kind of 
philosophical question can be answered by science, 
we can truly begin to understand our place within 
the universe, 


Above: JAXA 
will retrieve 
the asteroid 
sample in 
2020 from a 
remote desert 
in Australia 


Above right: 
Mars had an 
ocean taking 
up 20 per cent 
of its surface 


Right: People 
often find 
Martian 
meteorites all 
over the globe 
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Without 
amino acids 
there is no 
protein and 
no DNA 


a 





fo Sse NM Rut eto t Wi Bee ROS Teatro oo ea 








SAVE 
- UPTO 





a i af ee Ai 
a as asset 


BORO SAVAGE 
LEAP 
mu UNITED 


| te TH cen | THIER CES 


sole dicate aig en a epee kage le ad dent ape cits ticed peeag 
SUL Nines umesa ees 1g will apply - plea Wi Lis eles s ae L fergie Geen a es ee ee ee ea err 
eo A oa rep beriteki Gale eats al ea RA el ae me eC ie ees dele 
| | : | Plier sit acs helgC lal |8 Full details of the Direct Debit guarantee are’ 
er hen Desai aad PMs eka nae 
Uae eC ee ea neice ters 























[ese noes: 


Could dark matter have existed. 
before the Big Bang? 





Dale ers |e Sy le) mee] (=M eed ede homogeneous and isotropic at large scales. It 

eMC BALSA lees elec eee] es emo eae WE etn eee ae ee oem 

atm Ua Matt Sl a Ce er le est ce STN esle lan oh MO elles a amar cosmic inflation, and therefore in times that 

Big Bang, then the answer can be yes. algae VeRO elf tne re peo Bal Big Bang. This idea can be tested in 
What cosmologists mean by the term is the what happened during It. Cem ere futu me) observing uteMe e TaN ele peel 

state in which the universe was 13.8 billion years ee ea Meee) Mr ode le Peer in the universe, 

ago. At that point the universe was compressed gem ees clea Maal lee ee tte Me) es |e Tommi aS Na is a postdoctoral 





into a tiny volume, hence its matter content - a period of rapid expansion dubbed ‘cosmic fellow in. Physics and Astronomy 
the matter that today comprises galaxies, stars, Tuer Dn COUN Me tcp h Ure) Oda ate wie eae ge - > Flam dat yey Hopkins University in 
ep tei ees pe as enema) ee | Bang. That would explain why the universe is so DeVoe seieci penne / 





va period of rapid expansion, ‘Cosmicin ! : tion’ —/ —— 
likely happened before the hot Big Bang” 
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Supemovae have been seen 
te ew giclee Bc bs: eae 
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exploding star are there? 
Supernovae have historically been classified into different types 
sete e mae mallee iad ee) edge at eee es) a al) 8) eh dy 
how the object's brightness changes over time - looks. The two 
major types are Type |, a supernova without hydrogen, and Type Il, a 
Ue ene ee im aiie (seston 
e The classifications start getting more convoluted from-there. If 
the supemoya has narrow emission lines in its spectra and hydrogen 
agen eee | le el Ree cog) 
doesn't have hydrogen but has helium, then it's called a Ib. But 
if it has neither then it's called a Ic. And then, for example, there 
Fes Ble een ee mel eRe Lag oi eect ler ba eg ee) oer BLT) 
they show a plateau in their light curve. In the same way, Type IIL 
Nellans Marl cw Maree ah me(aca mie ee cee 
observational properties. 

Physically speaking there can be a few types of supernovae. 
Supernovae can be either the result of the thermonuclear explosion 
of a white dwarf, or the collapse of the core of a massive star - a 
core-collapse supernova. And of course there are pair-instability 
supernovae, which are caused by the production of electron- 
positron pairs inthe cores of stars, which then lead to contraction of 
the core and an explosion that eventually unbinds the entire star. 
f: =. || Sebastian Gomez is an astrophysicist at the 
| Bet onli la ih al Som er ih tae 
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Stars to black holes? 

SS 
Neutron stars and black holes are similar in some important ways, but are 
also fundamentally different. They are both celestial bodies which form 
when sufficiently massive stars exhaust their nuclear fuel and explode as 

a supernova before gravitationally collapsing in on themselves, Black holes 
formed by gravitational collapse result from more massive stars, and all 
known black holes of this type have masses more than five solar masses - 
one solar mass being the Sun's mass. Currently a hot topic of investigation, 
neutron stars, which result from the collapse of less massive stars, are 
thought to have masses in the range between 1.4 solar masses and up to 
possibly as high as 2.7 solar masses. 

Black holes and neutron stars are the densest and most exotic 
objects in the universe. In the case of a black hole, its progenitor star 
will continue gravitationally collapsing until all its mass is concentrated 
at its centre, creating a singularity - a point of space-time with infinite 
density. We need a theory of quantum gravity to correctly describe 
what is happening there. This singularity is hidden from the rest of 
the universe by a boundary surrounding it called the ‘event horizon’ 
through which nothing can escape outwards - thus the label ‘black’. 

In the case of a neutron star, the less massive progenitor star will 
not collapse all the way to the centre, but instead forms the densest 
accumulation of actual matter of any object in the universe. The nature of 
this matter remains a mystery, one which we hope to probe by analysing 
the gravitational waves and other signals emitted when binary systems of 

two neutron stars or a black hole and a neutron star collide. 
® Susan Scott is a professor at the Australian National 
University’s Research School of Physics and Engineering 
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These two 
objects are two 
of the densest 
objects found 
in the universe 
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Stardust is interstellar grains of different origins. 
Stars are releasing dust particles at different times 
during their lives. One of the main sources of 
interstellar dust are supernovae. Stars heavier than 
about ten solar masses end their lives in giant 
explosions. From earlier measurements we know 
that around 2.5 million years ago a supemova, not 
too far away from the Solar System, exploded, It 
left its traces on Earth - one isa very long-lived 
radionuclide isotope, namely tron-60, that does not 
exist naturally on Earth. It has been found in dated 
layers of deep ocean ferromanganese crusts. 
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What is ‘stardust’, and how do we find it on Earth? 


To find and identify present stardust on Earth Solar System and rains at present on Earth. After 
we need unquestionable marks. To collect stardust filtering and chemical preparation we analysed 
we have to go to areas undisturbed by natural milligram-sized samples for iron-60. For this we 
dust from Earth's soil. Therefore we've been to used one of the world's most sensitive accelerator 
Antarctica and collected around 500 kilograms mass spectrometry set-ups, that in Munich, 
(1,100 pounds) of recent snow, hoping that it Germany. Less than ten clearly identified events 
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contains minute amounts of stardust originating confirmed the supernova-origin of the Solar 
from the past supernova. It seems a feasible Ssystem-imbedding cloud. 


approach as the Solar System is presently moving | y Gunther Korschinek actively searches 
through a dusty cloud that could have its origin . + 


for stardust in Antarctica and is a 


from this supernova in the past. A clear signal a.) scientist at Technical University 
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Munich, Germany 
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Whatis ‘quantum 
entanglement’, especially 
in terms of teleportation? 
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Well, Einstein hated quantum entanglement because it seemed to 
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another point. We've done this with atoms and photons. We can 
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Michio Kaku is a popular science communicator and 
professor of theoretical physics at the City College of 
New York 
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Did 
you know? 


The Lunar Orbital Platform, 
formerly proposed as the Deep 
Space Gateway, is the next 
staze in human exploration. 
Development includes all 








the ISS partners. : : Mise ieee eiscene 
elder Reellrie eae tina 
ea PBT Ce tele ar | 
organisations 
SPACE EXPLORATION | ules were adopted, but they ar 


What are the main challenges you have to sepepaibes abies 
overcome creating the Lunar Orbital Platform? [j= = 


The work that's going on at the moment is need to talk to our partners internationally to 
the international partners working together to define that and to define our roles. 
understand what the Deep Space Gateway would We need to work with the stakeholders of the 
look like and discuss the different roles the different agencies to identify how the thing will be 
partners would play and the different elements supported [financially]. We also need to work with 
that they would prepare. the science community, and other beneficiaries 

50 say one agency may contribute a habitat, of the project, to make sure they're engaged and 
another agency [would contribute] the robotic aware of the opportunity, 
parts and another agency something else. [At When the opportunity has arisen we need to 
the moment] it is understanding - the same as make sure that they're able to respond to the 
with the International Space Station - it's really a opportunity with the intention that the gateway 
partnership where everybody discusses what do would be put together in the lunar vicinity in the 
we want to get out of this, what do we want to early parts of the next decade, not many years 
bring, what are we going to contribute. from now, 


™.) James Carpenter is the human and 
— . robotic exploration strategy officer at 
® the European Space Agency (ESA) 


I think now is the time where we are working 
out, technically, what the thing looks like, what 
it needs to do, what the engineering side is. We 
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a typical observing session.and you're likely to be answered 
guite quickly with ‘light pollution. That's because this 
dame enemas cele eee ieee ween al 
WAP Cena MN eel atom tele aries SESH UNE SI =o] RN Lem teh aL acc 
sky treasures that stargazers take great pleasure in reve Teta 
and gazing upon. And, with more areas becoming built 

up, the problem seems to be getting worse, obscuring our 
beautiful starry skies with an orange have. , 


, a 


All About Space leaves the bright city lights to 
observe at the world's darkest locations ~ 


That's why the Internatjonal Dark Sky Association (IDA) 
* is the astronomer's best friend. Sees mde Re ee esl a 
' and communities to keap areas relatively tree trom tight, the - 


IDA also focuses on Gla AR betas) Sere Alec Re mem te ) 

keep lighting to a minimum or suggesting night-sky friendly ~ a 
streetliehts. The RENEE esa as Sates aeh US SCO meas ee= tal 

eee agate toms le liga astronomers to be able to retreat 

into certified International Dark Sky regions undisturbed, All 

About Space visils"20 tetens? F 
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-asaet the world's first Inter national He" e of the darkest 
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design Laon a fo erIsure that the pe iTk'S Tal a natk’s ss 
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Binocular or telescope objects 
become naked-eye targets 
is sith i aa skies 


Goldendale Se Jl Cherry Springs i REPRE ENO 
Observatory s P . State Park Se Pree ich idecevecananit dh hoe gna 
vtate Park -“ , eee eee Location: ~ | Right Ascension... OOh 42m 44.35 
acation: annsvivanic : TRATION iis em scssscsirmnensccn _-41° 16° 09" 
Area- 0. 33km2_ SU 821) 1.2, | Seen tcaak emma Niele ere 


| Anastronomer’s paradise, TLL 


\ f= - — 
Vas shingt On 


Area: 0.02kn?Y 


Terence Deckinson 





a Designated as a Dark Sky ) "5 aa its ee oe a 
~ Park in 2010, Goldendale doubles up as an | dissected Allegheny Plateau enables Cherry spent 
educational facility, positioned on a hil withan | Springs to boast some of the best night skies a Reflection and Slee Set) 
| observatory and several telescopes. Its main 7 , along the United States’ east coast. It'ssodark Hea | | Ue 1) Ee as 
- instrument is a 24.5-inch reflecting telescope that the Milky Way casts a shadow, and some 1 eral eel tems tne nett emt a a) 
that takes up to 40,000 visitors per year. 10,000 stars are visible without aid. a er L 
) : Apparent Magnitude. a m8 
we Le eee | © | 2] |-{ on aannnmmnnnnmrmnm ye Ur] 8271 F) 4 
Galloway mR: ee) Richt Ascension._______ 01h 33m 50s 
oe Park ——_ ££ Landscape . atari AO” 39" 36.7" 
bg LOC é Protection Area” : fie] t |i | Hage minceermyiadti Merit 
a ° i.“ Dum 2 Gum Location: 7selic, 7 Os eres MEU: |. 
z G sallow. way, Scot Z Ms Hungary -_ 
g Area: 774km? = Area: 83k? - North America Nebula 
8 in November 2009 and — Hailed as some of the - (NGC 7000) 
du ring the International Year of Astronomy, best dark skies in Hungary, the Zselic National : Na Sdaancad ity donned Sane Emission nebula 
| woodland park Galloway Forest became the } Landscape Protection Area allows notonlythe | erent ASCENSION essen Pee PA 
first-ever area in the whole of the United Milky Way to be visible to the naked eye but Bi ci) | enero a we 
Kingdom to earn the status of being classed as a also zodiacal light and other faint phenomena. St 1a aeagerelery ea ioratelein ch onelengadrivil et 
region with outstanding night skies. £selic was awarded dark sky status in 2009. ! Eye ect Le Magnitude Pe a8) 


Brecon Beacons 


National Park 
a Location: oe To Afed: 5 Pk 
a Brecon, Wales ! pa tt rai m™ Assoon as the Suns sets at Big Bend National 
Area: 1. 34-4em: | Parl, it’s not just the many species of nocturnal 
| The Brecon Feats is | life that come out, it’s also the night-sky delights 
£ known for its mountainous that permeate the black-as-coal skies. A remote 
7 ) peaks in South Wales. While the skies above expanse of desert, mountains, canyons, open 
Meee the park do see a touch of light pollution, it be floodplains and rapids, the park possesses same 


. won Silver Tier status as the heavens remain . of the most enviable dark skies in the United 
| remarkably dark, revealing the Milky Way a bh’. States, certifying it as a location virtually free 
| among other night-sky objects. ; i from light pollution. 
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Se Stargazing sites 


| Death Valley 
National Park 
— Location: 
Calitomia 
Area: 13,650kn/’ 
A place to gaze in awe at the 
expanse of the Milky Way, 
track a meteor shower or simply to reflect on 


Geauga ¢ 
Observatory 4 
Park | 


iy Association 


tahoe a 
Sobdat gees idol 


The dark skies of the Southern 
Hemisphere reveal these naked- 


a 
G 
t 
E 
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Eae— Location: 
== Ohio 
Area: 4.18km? 
Earning its designation 
in 2011, Observatory Park is currently in 


e Wilson Ye wilsonyel23 








eve Sells the process of restoring its historic Nassau your place in the universe, Death Valley boasts 
Astronomical Observing Station. The park natural darkness that represents the efforts of 
Se BG eler ie. eet (Cae ered offers several seasonal programmes under its the park and amateur astronomers who have 
6 1a" Tu Bemenieer nee enn eraenir oT ante y Emission Nebula skies, as well as within the Oberle Observatory. sought the area's starry skies for decades. 
Right Ascension... 0... 10h 45m 8.5s 
Declination. ae ae oe -§9° 52° 04" 
eo Te | ear 
vey ea ET 1? Exmoor National Park 
‘ | Location: Somerset 
Large and Small Magellanic Clouds } | | and Devon, England 
(Be sean Clan aie OE Meee gel ge |) Area: 692kn? 
Sn me kta get 8 (LMIC/SMC) Designated in 2011, Exmoor National Park has 
Png eee HTN OSh 23m 34.5s/00h 52m 44.85 the combined beauty of enjoying the blackest 
eee (LMC/SMC)...........9° 45° 22"/-72° 49° 43" skies along the southwest coast of England while 
Constellation (LMC/SMQ)_. Dorado & Mensa/Tucana offering relatively easy access from its urban 
eee eet ae Eck: hubs. Along with its designation, the park offers 


astronomy programmes, making it a popular 
place for astronomers to take full advantage of 
the beautiful heavens above. 


Omega Centauri (NGC 5139) 





©) fan Erik Paulsen 


oh] 2] "oe, AES EEE PUP arrr ere A ER eifeelt ime icc rs 
ie ee) St aa We ace Den lacey = | 
Declination... -47° 28' 46.1" | — | +s 
voclesbesatnene Paes ate rh an ner tee Sela Mont-Mégantic |= : : The Headlands © > 
a) Sala I ee e pee) Sb er eee 4 i National Park | + i Location: 
kee 2 a i Location: # Michigan 
Aish Soucy a RPS E i+f Quebec, Canada s Area: 2.2km- 

Jet an on packets inary hed lal f Area: 54. 86len2 S| Fiishecior iced yy tty Gli: 
i ee ae | ae shies i This stunning Canadian i erowth forests that sit on 
cepa acta tc tik lll a cts ic a cael =| -60 50 eae | , m pa rk, which was created in } = | undeveloped Lake Michigan 
Constellation...._..._............... tome. PNAS 1994. boasts the most importa nt astronomical siofalific. The Headlands boasts the darkest 
Apparent Magnitude... ene) ' observatory in eastern Canada - Mont-Mégantic of skies, undiluted by light pollution, that will 


Clayton Lake 
State Park 
fg Location: 
New Mexico 
Area: 1.9km7 
A recreational reservoir that 
& features a fossil trackway 
of dinosaur footpri nts, this state park hits the 
| Gold Tier when it comes to its dark skies and 
| the efforts that have gone into preserving its 
| darkness. Clayton Lake State Park also features 
| the Star Point Observatory. 





Hortobagy © 

National Park 

Gu Location: 

ee Hortopagy, Hungary 
| Area: 74.8km? 

The largest continuous 
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Observatory at the peak of Mont-Megantic, as 
| well as ASTROLabD, an astronomy activity centre 
| devoted to making science accessible. 


: = | Park 
| Wa fater an 


e continue to be preserved into the foreseeable 
} future. Astronomers are able to take part in the 
» monthly free Dark Sky programmes. 
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| = e 
natural grassland in Europe — — ay 
is bound to be open to incredibly dark night ; am rth Fi 
skies. And that’s where Hortobagy National | : igi A RE EA:] 
Park comes in, opening up the opportunity for Once at the 
amateur astronomers to grab a stunning view of | 
almost any night-sky object of their choice. 
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ee = iS Ensure you bring a red-filter torch 
_ a : with you - you'll be able to see night 
\ se sky maps and where you're going 
=a while preserving your night vision. 
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Bortle scale 


Consisting of a nine-level numeric 
scale, the Bortle scale - named for 

its creator, astronomer John Bortle - 
measures the night sky's brightness 
Ina particular location, quantifying 
the observability of an astronomical 
object and the interference caused by 
light pollution. Bortle scale 1 relates 
to an excellent dark sky site, while an 
Inner city sky is represented by Bortle 
scale 9. 


Aoraki Mackenzie International 
Dark Sky Reserve 
pane Location: South Island, 

New Zealand Area: 4,300kn7 
Possessing the title of the largest International 
Dark Sky Reserve in the world, New Zealand's 
Aoraki Mackenzie - comprised of Aoraki/ 
Mount Cook National Park and the Mackenzie 
Basin - is almost totally free from the glare of 
light pollution, with outdoor lighting controls 
minimising its effects for stargazers in the 
reserve and nearby Mount John Observatory. 


if rhtematio wl Dark Sky Aaoeciation 


Sark 

En Location: 

| Channel Islands 

! 45kn7 

The first Dark Sky Island, 

Sark forms what we know 

today as an International 
Dark Sky Community alongside Flagstaff in 
Arizona, Borrego Springs in California, Homer 
Glen in Illinots and Coll in the Inner Hebrides of 
Scotland. The island places a ban on cars and is 
mostly devoid of any public lighting. 


Pic du Midi € 
International 4 
Dark Sky 
. Reserve 
| Location: 
Pyrenees, France 
Area: 3,12km 
Celebrating their first International Dark 
Sky Reserve at the end of 2013, France's Pic 
du Midi has made every effort to protect 
their exceptionally dark night skies over the 
Pyrénees Mountains. 


Chaco Culture 97 

National e 

Historic Park 

— Location: New 
ae ——— Mexico 

S498) Area: 137.5km? 

=== Not only taking care of 
its archaeological riches since the park was 
established in 1907, Chaco also protects its 
starry skies, ensuring that light pollution 
doesn't spoil the pristine heavens with Its strict 
lighting guidelines. 


2) Paul Compere — 
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Gold, silver or bronze? 





SILVER 

Artificial light and skyglow: 
AU e le] p ali c=re em ws) mod 
sources and glare from lights: Light 
domes around the horizon do not 
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natural sky is still visible. 
Faintest magnitude visible:'5.0 to 5.9 under 
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skies and good conditions. 

Bortle sky class: 3-5 

Observable objects: Brighter visible sky objects 
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Sky Quality Meter reading: 21.75 or above. 





In this issue... 





Vine ee ears Deep sky challenge 
The nights are getting ever Gorgeous galaxies for crisp 
Siar me Lela ele me tL | autumn nights surround the 
time to see your favourites flying horse in the stars 
epee Tc The Northern 
iGea hia ce ah alits Hemisphere 
target this autumn, finally View a splendour of night-sky 
pian Unmet mee PCat sae tl objects, including Andromeda i oe a ie ie a la 1 ee Ps ( 
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ey Astrophotos ati th ee Hh de 
Track down some of the most TRU | yO 
famous places to be found in The best of our readers’ 


the Moon's sci-fi appearances Mel Le EA AOS] Cera eel E KY 


Naked eye and In the shops 
binocular targets Our pick of the best books, 
A misty star cluster and an alien apps, software and accessories 
solar system await for astronomy and space fans 


The Southern Taurids ae The Delta Aurigids reach 
reach their peak of five , : their peak of two meteors 
meteors per hour ~<a a per hour 


ib 


OCT OCT 


Mercury reaches its Dwarf planet Eris The Eta Geminids 

highest point in the reaches opposition reach their peak 

evening sky in Cetus of three meteors 
per hour 


eee E 
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The Leonis Minorids Asteroid 9 Metis is well 

reach their peak of two placed for observation, 

meteors per hour glowing at magnitude 
8.6 in Cetus 


Conjunction The Moon and Jupiter Conjunction 
- between the Moon make a close approach, between the Moon 
and Jupiter in passing within 1°17" of and Saturn 
Ophiuchus each other in Ophiuchus 





STARGAZER 
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tl WIC LIT VECHTiATION) (Lec ALO STC | 

A conjunction is an alignment of objects atthe same —‘ This tells you how high an object will rise in the sky. When a celestial body is in line with the Earth and 
celestial longitude. The conjunction of the Moon and —_Like Earth's latitude, Dec measures north and south. Sun. During opposition, an object is visible for the 
the planets is determined with reference to the Sun. It's measured in degrees, arcminutes and arcseconds. whole night, rising at sunset and setting at sunrise. At 
A planet ts in conjunction with the Sun when tt and There are 60 arcseconds in an arcminute and there this point in its orbit, the celestial object is closest to 


Earth are aligned on opposite sides of the Sun. are 60 arcminutes in a degree. Earth, making it appear bigger and brighter. 
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Right Ascension is to the sky what longitude is to An oblast 5 sraseitiadls tells you how bright it When the inner planets, Mercury and Venus, are at 
the surface of the Earth, corresponding to east and appears from Earth. In astronomy, magnitudes are their maximum distance from the Sun. During greatest 
west directions. It is measured in hours, minutes and represented on a numbered scale. The lower the elongation, the inner planets can be observed as 
seconds since, as the Earth rotates on its axis, wesee number, the brighter the object. So, a magnitude of evening stars at greatest eastern elongations and as 


different parts of the sky throughout the night. -1is brighter than an object with a magnitude of +2. morning stars during western elongations., 
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Asteroid 29 Amphitrite 
is well placed for 

observation, glowing at 
magnitude 8.7 in Pisces 


Mercury ts at its 
greatest elongation, 
shining brightly at 


The Triangulum Galaxy 
(M33) is well placed for 
observation, glowing at 
magnitude 5.7 


OCT 


The Orionids reach 
their peak of 15 meteors 
per hour 








magnitude -O.1 





Open cluster NGC Open star cluster NGC Uranus reaches 
869 is well placed for 884 is well placed for opposition, glowing at 
observation, glowing at observation, glowing magnitude 5.7 in Aries 
magnitude 3.7 in Perseus at magnitude 3.8 
in Perseus 
: -——~  <@> Naked eye 


~ Binoculars 


The Moon and Piuto 


NOV 


The Moon and Saturn 
make a close approach, make a close approach, 
passing within 0°35’ of passing within 0°23’ of 
each other in Sagittarius each other in Sagittarius 






Small telescope 


Medium telescope 








Large telescope 
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DAYLIGHT MORNING SKY 
ies = st OS ee BE scokieet fren LEGER All rise and set times are given in BST/GMT 
17 OCT 24 0CT 31 OCT 5 NOV Date RA Dec Constellation Mag Rise Set 

- | 1OOct  14h23m0!Is 16° 22" 17" Libra O1 09:40 18:55 

tg SS! 17Oct  14h56m15s 19°35'20" Libra Ol 10:05 18:41 
: | 240ct 15h23m3ls —-21° 4424" Libra ‘Ol 1018 14:23 
| 3) 310ct = 15h 37m 27s -22°17'56" _—_Libra 04 09:08 13:09 
= =| 5Nov 15h32m27s 27°11 03" Libra 16 08:36 12:44 
10Gct  13h57m38s 1° 2155" Virgo 39 08:47 18:58 

| Oct i14h30m57s 14° 30°11" Libra 39 09:10 18:46 

| 24Qct 15hO5mils 17°21'04" Libra 39 09:33 18:36 

=| 310ct i5h40m24s -19°50'06" Libra 39 08:55 17:29 

>| 5Nov iWhO6m10s — -21°20'42" — Scorpius 39 O91] 17:25 

| 100ct Whi4mi7s -O0°3''17" ~—s- Virgo 18 06:08 18:10 

| 7Oct 12h30m5Is -02°20'28" Virgo 18 06:06 17.50 

n| 240ct 12h47m30s -04°09'06" Virgo 18 06:04 1730 

| 310ct = 13hO04m19s = -05°56'37" Virgo 18 05:03 16:10 

| 5Nov 13h 16m 25s -07°12'23" ~~ Virgo 18 05:02 15:56 

| WOct 17h13m16s -22° 45°38" — Ophiuchus 20 340 21:05 

S) 17Oct = 17h 18m 11s -22°51'47" — Ophiuchus 20 12:48 20:41 

| 24O0ct 17h23m28s -22°57°38" — Ophiuchus 20 12:26 20:9 

B.| 310ct  I7h29m06s = -23°03'02"—— Ophiuchus 19 1:05 18:56 

Rm 5Nov  17h33m18s -23° 06°32" — Ophiuchus 19 10:50 18:40 

10 Oct 19h 00m 50s -22° 32 OT Sagittarius 0.5 14:55 22:54 

Z| 17Oct 19hO2mO4s -22°30'52" Sagittarius O5 14:29 22:37 
= 240ct 19h03m3/s -22°29' 11" Sagittarius O05 14:03 22:02 
 310ct 19hO5m28s  -22°26'58" _—_ Sagittarius 06 12:37 20:36 

“11 5Nov 9hO6m58s -22°25'02" _— Sagittarius 06 12:19 


20:18 
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The God of War is a prime target this autumn, and well into the winter, 
finally breaking free from the Sun 


Constellation: Virgo 
ute ieo te, ie 
AM/PM: AM 
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After being out of the celestial spotlight for a 


while, Mars is finally becoming a little easier to see 


-and more rewarding to look at, too, This month 
the Red Planet will be a morning star, visible low 
in the east before sunrise, and its visibility will 
improve a little each morming. 

ohinine at magnitude 1.6 means Mars is nowhere 
near as bright as Saturn or Jupiter, which are on 
View in the evening sky this month, but that 
magnitude of 1.6 means you'll be able to see Mars 
easily with your naked eye, looking like an orange: 
white ‘star’ around the sarne visual brightness as 
the stars of the Big Dipper, or Polaris, the ‘Pole Star’. 

And if you're not quite sure which of the stars in 
that part of the sky is actually Mars, then its orange 
hue will give it away, especially through a pair of 
binoculars. Another clue: by the start of November 
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Mars will be very close to Spica, the brightest star in 


Virgo. Loole fora lovely ‘double star’ low in the ESE 
around 06:00 and you'll see them there shining 
close together. The brighter, bluer one is Spica, and 
the fainter, redder one is Mars, 

Mars is our Planet of the Month this month not 
because it is particularly bright or obvious, but 
because it will be in the headlines. As this issue 
hits the shelves the construction of the European 
Space Agency and Roscosmos ExoMars rover, 
‘Rosalind Franklin’ should be almost complete, 
and preparations for its launch in July 2020 
should be well advanced. The rover is scheduled 
to touch dewn on Mars in 2021, in a previously 
unexplored region called Oxia Planum. It will 
then drive around the site taking measurements, 
conducting science and, of course, taking plenty 


Sal 


fect ca:a 





of photographs which will be beamed back to 
Earth and put on websites soon after for everyone 
to enjoy, 

For these reasons the ExoMars mission promises 
to be very exciting, and it might even answet 
one of the greatest questions in astronomy and 
science: are we alone? Many of its instruments are 
designed to look for traces of past life on Mars. A 
drill will bring up samples of rock from up to two 
metres (6.5 feet) below the surface, where some 
scientists think there is the best chance of finding 
those traces - or perhaps even of finding signs of 
life on Mars today. 

So get up early this month to look for Mars 
in the pre-dawn sky, [It might not look very 
impressive now, but things are about to get very 
exciting out there on the Red Planet 
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Constellation: Libra 

Magnitude: -0.0 

AM/PM: PM 

Unfortunately this won't be a good 
Tonth for any Mercury-watchers. 
The closest planet to the Sun - which 
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Constellation: Sagittarius 

Magnitude: 0.5 

AM/PM: PI 

Saturn is probably the easiest planet 

to see this month. Easily visible to the 
| Naked eye, it will look like a yellow- 
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whips around it in just 88 days. 


eiving it the shortest year mn the Solar 


system - is not only very low in the 
southwesterm sky after sunset, but is 
so close to the Sun itself that it will be 
Virtually impossible to see. 
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white ‘star’ shining a short cistance 
to the upper left of the handle of 

the famous ‘Teapot’ asterism in 
Sagittarius. Youll be able to see it 
shining low in the south a5 soon as 
the sky begins to darken after sunset. 
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Constellation: Vireo 
Magnitude: -3.5 

AM/PM: PM 

Spotting Venus this month will 
be challenging, but by no means 
impossible. On clear, cnsp, muid- 
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Qctober evenings you will find it 
shining low in the WSW after sunset, 
looking like a silvery spark fighting to 
be seen in the marmalade twilight. 
As the days pass Venus visibility will 
Improve slightly. 


Constellation: Oohwechus 

Magnitude: -2.0 

AM/PM: Pi 

jupiter 1s very obvious throughout this 
month's observing period, easily visible 
to the naked eye. You'll see it low in the 
south as soon as the sky starts to darken 
after sunset, looking like a blue-white star 
aver to the right of fainter Satu and to 
the upper left of Venus. As the days pass 
fupiter will set earlier each night, so best 
to start looking as early as you can, Look 
out for a beautiful crescent Moon shining 
a short distance away to Jupiter's lower 
right in the twilight on 30 October, and 
just one-and-a-half Moon widths away 
fram it the following evening - a stunning 
sight in binoculars or a small telescope. 





Constellation: Arics 
Magnitude: 57 
AM/PM: PM 


Shining = if that's the neht word 
to use - at magnitude 5./, Uranus 
is technically a naked-eye object, 


but in reality it is very hard to find: 
Magnitude 5.715 mght on the edge 
of naked-eye visibility, Look for the 
almost-lull Moon shining around six 
degrees to Uranus’ lower nent after 
dark on 14 October. 
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There are lots more 
stones set on the 
Moon, of course, so 
why not fire up the 
teen eee its 
Ve ibe liome cia ce iene ky 
app and track down 
the locations of 

Oli teme) meet aniey i 


A Fall of Moondust 








Locati lons 
f science. 
neato 


Track down some of the most 
famous places to be found in 
the Moon's sci-fi stories 
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The Moon has been a favounte 
destination of science-fiction writers, 
Alm-makers and TY series producers for 
as aHae i 1B as wee hav fe Boe books, films 
s¥ author Jules 

Vernes classic "ed ri rom the Barth 
to the Moon told the story of a group 
of post-American Civil War weapons 
engineers coming together to build a 
shell-shaped spaceship which carried 
three people to the Moon after being 
launched out of a giant cannon. 

After World War IT Hollywood began 
fo explore the Moon too, and in 1950 
the George Pal classic Destination 
Moon celebrated the hair-raising 


First, the 1968 film 2001 A Space 
Odyssey features not one but two 
famous lunar locations, At the start 
of the film Dr Heywood Floyd is seen 
travelling to a beautiful, rotating, ring- 
shaped space station in a sleek space 
shuttle with The Blue Danube playing 
in the background, before departing 
for the Moon on board a rather less 
glamourous-lookineg but much more 
functional lunar shuttle. Upon his 
arrival he descends to a sprawling 
Moon base complete with its own 
spaceport, tower blocks and conference 
rooms. This is Clavius Base, and as its 
name sugeests it can be found within 
the crater Clavius. Clavius can be found 
down to the bottom of ihe Moon's cise, 
below and to the left of the crater Tycho 
anid its bright rays. 

Tycho crater itself is the second 
location featured in 2001 Floyd travels 
from Clavius Base to Tycho to see 
for himself a strange artefact that has 
been discovered beneath that crater: a 
black monolith, lett there by an alien 
intelligence millions of years before 
Tycho crater is one of the easiest 


adventures of a private company and 
its astronauts making the first crewed 
landing on the Moon. 

Since then the Moon has featured in 
foo many boaks, films and TV 


shows lo 
count - not all of thern classics by any 
means! However, a few really do stand 
out, and it’s fun today to use binoculars 
and telescopes to hunt down the 

ocations featured in them - wete going 
to Bac you towards some of them in 
our Moon Tour this month. 
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features to find on the Moon, especially 


near full Moon when its bright rays 
spray away from it for miles like paint 
or chalk dust. 

Moving on to sci-fi literature, one of 
the most famous - and best - novels 
written about life on a colonised Moon 
is A Fall of Moondust by Arthur C. 
Clarke. In this beloved 1961 book, the 
‘Selene’a Vehicle that carries tourists 
across the lunar seas, gets trapped ina 
quicksand-like pool of moondust. Only 
the quick thinking and heroism of the 
Selene’s brave young captain ancl its 
olucky chief stewardess save the day. 
The action takes place in Sinus Roris, a 
minor sea that can be found very close 
to the top limb of the Moon, looking 
like a long, dark patch just above the 
curved, cut-out basin of Sinus Indium. 

Moving on to TV, fans of Gerry 
Anderson will be aware that not one 
but two of his groundbreaking TV 
series featured locations on the Moon. 
Between 1970 and 1973 UFO showed 
brave members of the top-secret 
organisation SHADO - some dressed in 


very sparkly purple wigs - coordinating 
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Clavius base, 2007 
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efforts to prevent attacks by sinister 
aliens from their Moon base in the Sea 
of Tranquillity, not far from the historic 
landing site of Apollo IL Years later, 
Space: 1999 had another Moon hase. 
this time a huge one, fourkilometres 
(2-5-miles) wide and a kilometre (0.62- 
miles) deep. Moonbase Alpha - which 
looked very similar to 2O0%s Clavius 
Base - was constructed inside Plato 
crater, one of the most prominent 
features on the Moon, which can be 
found to the right of Sinus Iridium, 
up near the top limb of the Moon. In 
Space: [999 the Moon is famously 
blasted out of Earth's orbit and {lung off 
on a journey to the stars after nuclear 
Waste stored on the Moon's ‘dark side’ 
explodes in spectacular style. 

Finally on this tour of amazing 
scr-hi places we return to the Sea of 
Tranquillity. Andy Weir followed up his 
hugely successful novel The Martian 
with Arfemus, a story set on the Moon 
in the sprawling city of Artemis, 
population 2.000, which, like SHADC's 
secret Moon base, can be found close to 
the Eagle's landing site. 
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Gorgeous galaxies for cooler, crisp nights 


a a 


Now autumn is truly here and the dark nights have 


finally retumed, it’s time to start looking deep, deep 
into space, through the starry veil of our own Milky 
Way galaxy at some of the wonders that lie beyond 
its boundaries. Looking towards Pegasus means 
looking up out-of the plane of our galaxy, away 
from the nebulae and star clusters embedded in its . 
frothy spiral arms and out into intergalactic space. 
This month's challenges are all faraway galaxies 
that might not be among the faintest deep-sky 
objects known, but are all quite close to each other 
in the sky, which allows you to go on a galachiec tour 
without having to swing your telescope around in 
too many different directions. 

The highlight of this month's tour is NGC 7479, ep =. 
which can be seen through small telescopes, but 
Lhe more aperture you have the more detail you 
will see in its spiral arms, which really are beautiful 
at high magnification on a still, dark night. The | 
Cassiopean pair of NGC 185 and NGC 147 might not | P 
be particularly thrilling individually, but like the | 
more famous M&l and Mé2 in Ursa Major, they are 
close enough together to offer a very pleasing sight Mirach's Ghost 
in a large telescope'’s eyepiece. 
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Deep sky challenge 


Mirach's Ghost (NGC 4.04) 

This tenth-magnitude elliptical galaxy is almost 

overwhelmed by the glare of nearby Mirach, but 
a medium- or large-aperture telescope will reveal it 
as.a diffuse smudge 


The Litthe Sombrero (NGC 7814) 

Medium-aperture instruments will show 

this almost edge-on spiral galaxy as a faintly 
glowing needle of light. Larger telescopes show its 


brighter centre. 


) NGC 7479 
This very pretty barred-spiral galaxy, presented 
almost face-on fo us, is lth magnitude, so 
seeing its gracefully curved arms requires a large 
telescope uncer a dark sky. 


Messier 110 
Being so close to M3, this elliptical galaxy is 
1 often overlooked, but it is a fine object in its 
own right. Large instruments will show its bright 
centre surrounded by a haze of stars. 


Another satellite of M31, this dwarf elliptical 
falaxy forms a close pair with NGC 147 Itis a 
mottled, small smudge with a bright centre through 


a large telescope's high-power eyepiece. 


’ NGC 147 
Lying just a degree away from NGC 185, this 
dwarf galaxy is half a degree fainter and is also 
a aie : eae nt , eke Ges : . a distant satellite galaxy of M31. Large instruments 
arpa ees Oe as 0 . oe | ee show it as a faint, elongated patch of light 
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The clocks go back at the end of this month, giving 
more time to view a splendour of night-sky objects 


Andromeda, Cassiopeia and Sculptor are just some of the constellations 
offering a selection of targets for telescope- and binocular-wielding 
astronomers this month. With the Sun dipping below the horizon earlier in 
the evening, those wanting to catch new or favourite targets don't have to 
walt long for dark skies to boast these treasures. 

Head over to Andromeda and you'll be rewarded with not just its spiral 
galaxy, M31, Dut also its dwarf elliptical galaxies M32 and M110. While the 
parent galaxy 1s easy to spot, you'll need at least a medium-sized telescope 
to spot Andromeda’s satellites. Star clusters are a joy to behold in the 
constellaton of Cassiopeia, which can be spotted with ease by its “W" 
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This chart is for use at 22:00 (GMT) 
mid-month and is set for 52° latitude. 
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? head with the bottom of the 
page in front of you. 
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“a? that north on the chart 
is behind you. 
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Globular star clusters 

Bright diffuse nebulae 

EEN Astle l= Observer's note: 

. The night sky as it appears 


Galaxies on 17 November 2019 at 
approximately 22:00 (GMT) 
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Cartwheel Galaxy 
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Send your astrophotography images to O the ML ot r 
space@spaceanswers.com for a chance 
to see them featured in All About Space 
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known as Sh2-115, 


"near the star Deneb in the Cygnus 
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into astrophotography ten years © 
ago, imaging from very dark skies 
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of Sh2-115, Sh2-112, Barnard 345 and 
the PK 85+4.1 planetary nebula. It's 


a cCloudscape almost neglected by 
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Your astrophotography 
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An attractive and reasonably priced telescope for the 
beginner, this refractor comes with everything you need to 
break into the hobby of astronomy 





Telescope 
advice 


Cost: £120 / $189.99 
From: Hama UK Ltd 
Type: Refractor 
Aperture: 3.2" 
Focal length: 15.5" 


Best for... 
&> Beginners 

3 Small budget 

© Planetary viewing 

) Lunar viewing 

Q Bright deep-sky 

©) Basic astrophotography 

















For its retail price, we were impressed with the 
build of the Meade Infinity BOA. along with its 
performance, when we took the instrument out 

for a night of observations on an August evening. 
Unpacking the retractor, we noted that the telescope 
comes very well-equipped with three eyepieces for 
low, medium and high magnification and a Barlow 
lens, a5 well as a DVD that provides instructions on 
how to set up the telescope. We were pleased with 
the addition of planetarium software that advises 
on over 10.000 celestial objects in the night sky 
up for observation at different times of the year 
however, we would note that you won't be able to 
observe all of these objects due to the telescope’s 
small aperture. 

While instructions are provided, we felt that 
setting up the Infinity SOAZ was very intuitive, and 
within ten minutes the retractor was built and ready 
to use, Making it an ideal instrument for those just 
breaking into the hobby of astronomy. From an 
aesthetic point of view, we enjoyed the beautiful 
finish of the telescope'’s tube - a striking metallic 
blue that certainly makes it stand out from the 
more-muted black that is common with telescopes. 
The 80AZ has a great deal of plastic on it, but Meade 
has ensured us that the refractor is robust enough 
to withstand wear and tear. Nevertheless, we advise 
treating the instrument with care. 
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With its three-inch aperture, we took advantage 
of the Moon in its waxing crescent phase, where the 
terminator made an ideal guide to find a selection 
of craters and lunar mare. The red dot finder 
worked extremely well.as we located the craters 
Langrenus and Stevinus with ease before following 
the terminator and appreciating the Infinity SOA7's 
efforts in picking out Tycho's brilliant ray system. 
Moving towards the 5ea of Crises and the Sea of 
Fertility, which popped out with their characteristic 
grey shading against the chalky white lunar 
lughlands, we headed towards the Moon's limb. 

As previously mentioned, the refractor comes 
with three-element eyepieces with focal lengths of 
6.3mm, 9mm and 46mm. These are of good quality 
with anti-reflection, fully coated optics and fold- 
down rubber eyecups, which gave fair eye relief. 
While our overall views of the Moon were crystal 
clear, there was a very obvious degree of colour 
fringing, also known as chromatic aberration, which 
took the form of a purple-blue glow around the 
Moon's edges. Despite this fault, we have to say that 
the views of the lunar surface were very sharp. 

The telescope'’s red dot finder did exactly as 
required, allowing us to find our way not just around 
the Moon's surface but also around the night sky 
as we continued our tour. However, when we were 
bringing targets of interest into focus in the refractor's 
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Below left: 
For the price 
the optical 
system 
operated 
very well 
and provided 
reasonable 
views - Sadly 
though, there 
was a degree 
of colour 
fringing 


Below right: 
The Meade 
Infinity 

BOA comes 
with three 
eyepieces - 
6.3mm, 9mm 
and 26mm 

~ with anti- 
reflection fully 
coated optics 
and fold-down 
rubber eyecups 





field of view, the mount did shake making 
the target of interest dance around the fielel toc. 
In order to achieve a steady view, we were forced to 
turn the focus knob bit by bit. 

sweeping the telescope across a September sky, 


we were able to star-hop from one target to the next 


this is a very important method for the beginner 
astronomer to find their way around the heavens. 
However, the highlight of our review of the Infinity 
SOA was a spectacular view of Satur, which 
appeared as a first-magnitude star to the naked eye. 
It quickly became our object of interest in trying 
out the refractor. The planet's majestic rings were 
titled 24 degrees towards the Earth and through 
this srnall telescope we achieved a small but good 
view of the gas giant. 

The Meade Infinity SOAZ is ideal for those just 
breaking into astronomy. If you're looking to 
expand your hobby and set your sights on fainter 
deep-sky objects, then you are better off looking 
ior a telescope with a larger aperture. For an entry: 
level telescope though, or a starter telescope for 
children, we certainly think that this 1s a good, 
Teasonably priced retractor. Other instruments at a 
similar price point have either come with limited 
accessories or have been too ‘toy-like’ for decent 
views of our Solar System - this scope 1s certainly 
ahead of the pack. 


Right: The 
Meade Infinity 
BOA? Isa 
telescope 
that’s ideal 

for the family 
- especially 
beginners and 
children 


The tripod 
supported the 
telescope tube 
and mount 
substantially as 
we toured the 
night sky, but 
did shake when 
we brought 
targets 

into focus 
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Meade Infinity 
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MEADE 
OM EE. 
REFLECTOR 


Perfect for both beginners and 
more advanced users, this 
telescope presents some of the 
sky's finest Solar System and 
Oop ea elias | 

tas age wonders a the cosmos rT the slew va F i tube. 


see Me ell es : al 
al eee iia ses i ied ri roe 


Tbe ican i ond et eee nr ie ses ear) ee a A EL 
Tele ae pee eT rete ms | in a Meade Polaris 114 
Rte Rey ae ase) i I Res ra ole 3 =f de] Mela) (=p RR UTS) nats 
it’s Sirius Ta ak Ele oa estat Cat's Eye Nebula or 
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To be in with the chance of winning, all 
you have to do is answer this question: 


A: Jupiter. 

B: Mars 

(0 ' 

Competition emds on 23 November 2019 * 


TC ou Fri i * “ 
rx Cr prt fae he needle a Pe Cites 
33 Richmond Hill, Bournemouth, sone GEZ 


ede RNa Smee NTE ec Tema eN SIE CO Neem] ea 








ay ee yiets] 
_ Photography 


ie official book trom the 2019 Insight 
_ Investment Astronomy Photographer 
of the Year competition ) 

. cs 


“Spectacular views 
of the universe” 
Guardian | 





Camere TF ae 1" | 
ie ' | eS NT EL 
ie Oe Os ee 





Collins Gis cn 



































App 
Star Walk 2 
Cost: £1.99/$3.40 
From: 1Tunes 
If you have difficulty finding your way around the 
night sky and you cant afford a GoTo, then Star 
Walk 2 is the next best thing since it's able to work 
out the exact location as well as the celestial object 
that you point your iPhone at. Like the original, 
Star Walk 2 works by pointing it at the sky to get a 
real-time view of celestial bodies. As you move tt 
around the app constantly adjusts to show what is 
out there beyond Earth. 

Of course, it Works In reverse too, by helping you 
to find the object that you wish to locate. Using a 
Golo, we followed up the RA and Dec coordinates 
to see how accurate it 1s and were impressed to find 
that, on harnessing the iPhone's GPS capabilities, 
it was almost spot on. There are several display 
options. You can change up how stark the 
constellations appear, either by drawing subtle 
lines between them or by using a more animated 
character. Star Walk 2 also adds in soothing space 
music and various sound effects, which you can 
toggle off if they are not to your liking. Visual effect 
choices are present for the atmosphere, horizon, 
and a body of water that floats across the screen. 
Star Walk 1s also augmented reality enabled. 
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The latest books, apps, software, tech and 
accessories for space and astronomy fans alike 


An Introduction to Radio 
Astronomy 

Cost: £59.99 (hardback) 

From: Cambridge University Press 

Radio astronomy 18. an active and rapidly expanding 
field due to advances in computing techniques, with 
several important new instruments on the horizon. 
This text provides a thorough introduction to radio 
astronomy and its contnibution to our understanding 

of the universe, bridging the gap between basic 
introductions and research-level treatments, It begins by 
covering the fundamentals physics of radio techniques, 
before moving on to single-dish telescopes and aperture 
synthesis arrays. Fully updated and extensively 
Tewritten, the fourth edition places greater emphasis on 
techniques, with detailed discussion of interferometry 
In particular, and comprehensive coverage of digital 
techniques in the appendices. The science sections 

are fully revised, with new author Peter N. Wilkinson 
bringing added expertise to the sections on pulsars, 
Quasars and active galaxies. Spanning the entirety of 
Taco astronomy, this is an engaging introduction for 
students and researchers approaching this observational 
field for the first time. 
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Cost: £29.99 (hardback) 
From: Cambridge University Press 
Finding our Place in the Solar System gives a 
detailed account of how the Earth was displaced 
from its traditional position at the centre of the 
universe to be recognised as one of several planets 
orbiting the Sun under the influence of a universal 
gravitational force. The transition from the ancient 
geocentric worldview to a modern understanding 
of planetary motion, often called the Copernican 
Revolution, 1s one of the great intellectual 
achievernents of humankind. 

This book provides a deep, yet accessible, 
explanation of the scientific disputes over our 
place in the solar system and the work of the great 
scientists who helped settle them. Readers will 
come away knowing not just that the Earth orbits 
the Sun, but why we believe that it does so. The 
Copemican Revolution also provides an excellent 
case study of what science is and how it works. 


STARGAZER 


In the shops/ 





Globe 

Jupiter MOVA Globe (4.5") 

Cost: £185 (approx. $150) 

From: MOVA International 

Certainly a novel product, this rotating globe of gas 
giant Jupiter is a stunning addition to any space 
fan's household. The detail is exquisite, with the 
Jovian bands, the Great Red Spot and its white and 
brown ovals taking a true likeness of the king of the 
Solar System. The globe rotates when exposed to 
natural light and comes with a three-prong stand, 
which from a distance makes it appear that the 
clobe is levitating, 

Given that the globe is powered by light, there is 
no need to plug it in or insert batteries. This natural 
operation means that the globe rotates gently and 
silently. With such a fine amount of detail put inte 
the planet, this product is much more expensive 
compared to a standard globe. Though the quality 
is very high, we do feel that MOVA could have 
reduced the white searn that runs about the globe's 
centre. This is an issue that that will show up even 
more on the planets with fewer features such as 
Neptune and Mars, also in the MOVA range. 

This MOVA globe might be on the expensive side, 
but given its rarity, beauty and low maintenance, it 
is certainly worth splashing out on for yourself or 
any space fan. 
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An engineer turned 
cosmonaut flew on 
the spacecraft he 
helped design 


This year marks the 55th 
anniversary of a milestone made 
by the Union of Soviet Socialist 
Republics’ (USSR) space 

progtam, when Konstantin 
Feoktistoy became the first civilian 
cosmonaut on boatd the Voskhod 1 
mission. This was among many 
firsts the venture provided. 

Born on 7 February 1926 in the 
city of Voronezh, formally Soviet 
Union and now part of Russia, 
Feoktistov had troublesome 
teenage years, having to fight 
against the Nazi occupation of 
Voronezh during World War Il 
when he was just 16 years 
old. Afterwards he returned 
to school where he eraduated 
from Bauman Moscow Higher 
Technical School with an 
engineering degree, then 
earming a doctorate in physics. 

He would help design 
the Soviet space program's finest 
spacecraft, including the iconic 
Sputnik satellites and the Vostok, 
Voskhod and Soyuz space capsules, 
He has been credited as being 
second only to chief designer Sergei 
Korolev, a pivotal cog in the Soviet 
space program. In 1964 the Soviets 
selected a group of engineers for 
cosmonaut training, with Feoktistov 
being part of that group, and before 
he knew it he was assigned to the 
Voskhod 1 mission crew that very 
Salle Yedy, 

The Voskhod 1 mission was a 
mission of many firsts, being the 
first mission to feature more than 
one crewman, the first mission 
fo not feature spacesuits and the 


Konstantin |) 
Feoktistov | 





first to use a multidisciplinary 
team, including an engineer; 
physicist and medical doctor. The 
main purpose of the mission was 
to test the craft's design - which 
Feoktistov had worked on - perform 
biomedical research and evaluate 
how a multidisciplinary team 
worked together. Feoktistov was the 
first Soviet civilian to go into space 
and the only cosmonaut in USSR 
history to not be a member of the 
Communist Party, which one can 
Imagine caused much resistance in 
his eventual approval, 

The mission's team consisted 
of Feoktistov: Viadimir 
Komarov, commander, and 


“He would help design the 
Soviet space program's finest 
spacecraft, including the iconic 
Sputnik satellites” 


98 


PVG ANU Me eee ORO ee ps 
Cece d ate eI ee Mtoe eiE De 
on the Soviet space program 


|F 16 
Feoktistov made an appearance 
(eee eee L tlm Tee BIE @ helen 3 


Boris Yegorov, a physician, and 
was launched from Baikonur 
Cosmodrome in Kazalchstan, also 
referred to as ‘Gagarin Start’. This 
was also the start of Voskhod I's 


one-day adventure into space, where 


the craft recorded an altitude record 
- at the time - of 336 kilometres 
(209 miles) This milestone of a 
mission concluded Feoktistov and 
Yeeorov's appearances in space, 
whereas Komarov would undertake 
one more mission, where he sadly 
became the first human to die ina 
spaceflight in 1967 on Soyuz 1. 

Feoktistov campaigned to fly 
again, on the second Soyuz mission 
and to the Salyut space station that 
he had also helped design, but was 
refused because he did not meet 
the physical demands of a pilot. 
After this rejection he would still 
help design space stations, playing 
a role in the design of the famous 
Mir Space station. 

Sadly, on 21 November 2009, 
Roscosmos announced Feoktistov's 
death in Moscow, Russia, However, 
for all his efforts he received many 
accolades, which included the Hera 
of the Soviet Union award, an Order 
of Lenin award and mary more - 
and he will forever be immortalised 
by the Feoktistov crater on the far 
side of the Moon. 
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* Synscan™ App Database: Total 10,000+ Objects 
Deep Sky Objects: 10759, including Messier NGC. 
IG, Caldwell Catalogues, Named DSOs, Named 
stars: 305, Double Stars: 55, Solar system objects: 
7 planets, Sun, Moon. (Uniimited objects when 


working with a rd parly planetarium software), 

* Synscan™ App Alignment Method: Brightest Star 
Alignment, North-Lavel Alignment 

« Synscan™ App’s Other Features: Tonight's Best 
sky Tour, Point and Go with a mobile device, 
identification of Celestial Objects, Remote contro! 
over Intamet, User dafined objects, Pointing 
Accuracy Enhancement (PAE) 





These telescopes have been designed to be controlled wirelessly with your Smartphone or Tablet, using the free SynScan™ App for iOS or Android. The 
mounts create their very own Wi-Fi network, so the mount can be used anywhere, without any reliance on other Wi-Fi networks. After entering your 
coordinates into the App and following a simple alignment procedure, you are ready to explore the universe using the App’s intuitive touchscreen menu. The 
synscan™ App provides full computerised GO-TO control, allowing your telescope to be automatically slewed to any one of the objects in the App’s extensive 
database of 10,000+ celestial objects. The AZ-GTi and Star Discovery mounts incorporate Freedom-Find™ qual-encoders, allowing them to be moved 
manually without losing their alignment or positional information. All models also compatible with optional Synscan™ Handset and Cable code 20948/20160. 
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— {02mm (4") 112.7 Wi-Fi GO-TO 
MAKSUTOV-CASSEGRAIN 
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Available from dealers throughout the UK Full product details at: 
www.opticalvision.co.uk 


OPTICAL VISION LIMITED info@opticalvision.co.uk 


